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SUMMARY

The base pressure computer program of Addy [4] has been modified to
include the effects of the upstream boundary layers upon the free shear layers
and to include the ONERA angular recompression criterion, as implemented by
Wagner and White [12] for the wake closure condition. After the program
modifications were completed, an extensive set of calculations were made to
make comparisons with the calculations of Wagner and White and to make com—
parisons with a broad spectrum of experimental data. The comparisons with the
calculations of Wagner and White showed very good agreement of the two
calculations. Comparisons with the experimental data showed that, in general,
the calculated base pressures are greater than experimental base pressures.

The Office National d'Etudes et de Recherches Aerospatiales (ONERA) angu-
lar criterion was originally developed for two~dimensional flow through a
correlation of a comprehensive set of experimental data. Later, a factor to
convert the two-dimensional criterion to an axisymmetric criterion was found
through the correlation of a set of experimental data for axisymmetric flow.
Both of these correlations were developed using data from a single-stream
impinging upon a wall. The analysis of this data to define the critical angle
is unique, and in turn, its application to a single-stream problem is
unambiguous. However, when this criterion is applied to the solution of the
two-stream problem, an ambiguity, either real or apparent, arises. In
general, the criterion ylelds different reattachment pressures for the two
streams. Since application of this criterion does not locate the reattachment
points at different axial locations, different reattachment point pressures
appear to be physically inconsistent. This ralses a philosophical question as
to whether or not any single-stream reattachment criterion can be rigorously
applied to the two—-stream reattachment problem.

Base pressures calculated for wide ranges of model parameters were com-
pared to experimental data. These comparisons, in general, showed the calcu-
lated values to be greater than the experimental values. The size of this
deviation does not vary greatly for the majority of the comparisons which were
made. It seems that a relatively modest increase of the ONERA critical angle
would bring the calculated data into good agreement with a majority of the
experimental data which has been used. No such modification to the criterion
has been attempted since it could only be done on an empirical, data fitting
basis.
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1.0 INTRODUCTION

The concept and development of the so—~called component model power-on
base pressure analysis was pioneered by Dr. H. H. Korst and his coworkers at
the University of Illinois. Their early work culminated in Reference 1, which
documents the component analysis essentially as it is applied today. Ome of
the attractive aspects of their method is that each component or element of
the total number of components which comprise the solution may be of any
selected degree of sophistication. Thus, any one of the components, may, in
general, be improved or replaced by a more sophisticated component without
tevising or improving the entire program. In the formulations [l1], Dr. Korst
assumed that the free shear layers originated at the separation point on the
body or nozzle and that a similar velocity profile existed at every point
along the length of the shear layer, i.e., the upstream boundary layer thick-
ness was neglected. He also assumed that the recompresslion process across
the shocks at the wake closure was isentropic to the stagnation pressure of
the dividing streamline.

Addy [2] developed a computer program to implement Korsts's analysis into
a working engineering tool for the prediction of missile power-on base pres-
sure at supersonic speeds. This program utilizes the method of characteris-
tics to calculate the inviscid flow fields and the numerical solution tech-
niques that are coded into the program are still state-of-the~art. However,
the upstream boundary layers were not accounted for and the isentropic recom~
pression criteria of Korst was used for the wake closure condition. A very
limited comparison of calculated and experimental base pressures presented
in Reference 2 showed reasonable agreement but the calculated base pressures
were generally larger than the experimental data. In Reference 3, Addy devel-
oped an empirical modifying factor for the recompression pressure ratio which
was a function of the nozzle radius to body radius ratio. The factor was
developed by correlating calculated and experimental base pressure data with
different values of this ratio. It was shown that this geometric parameter
did a reasonable overall job of correlating the data. However, where a suf-
ficiently large data base exists for a constant geometric ratio, significant
factor variation was required to correlate all of the calculations. Addy
further extended the utility of the computer program by modifying the external
inviscid flow field calculation to account for boattaliled and flared after-
bodies. This work was published in Reference 4 and greatly increased the
utility of the program from the standpoint of the number of configurations to
which it could be applied. This final version of Addy's program still did not
consider the upstream boundary layers, used the recompression factor [3] for
cylindrical afterbodies, and used a recompression factor of one (original
Korst criterion) for flared and boattailed afterbodies. An extremely limited
comparison of calculated and experimental data for a boattailed afterbody
showed the calculated data to be reasonable, but no general trend was
established.

As discussed above, Addy's computational model was very good except that
it neglected the upstream boundary layers and it needed a better recompression
criterion. The computer program [4] was modified to include the effects of
both the internal and external upstream boundary layers. This work, along
with very limited calculations including the boundary layer effects, are
reported in Reference 5. The boundary layer effects were included by modify-
ing the shear layer mixing equations, by calculating an apparent origin shift
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for the shear layer, and by retaining the assumption of a similar velocity
profile. This modification prepared the program for an updated recompression
criterion. Calculated results reported in this reference were for a wind tun-
nel test model with a nominal turbulent boundary layer thickness of the exter-
nal stream. Calculations were made for this cylindrical afterbody configura-
tion with and without the boundary layer terms using Addy's recompression
factor and it was shown that including the boundary layer effect significantly
increased the calculated base pressure., This is consistent with other results
reported in the literature. It indicates that empirical correlation recom-
ression factors derived without the boundary layer terms in the solution, have
an inherent boundary layer effect included in the recompression factor. Thus,
one should apply and evaluate recompression criteria with computational models
which contain the boundary layer terms and are as complete as possible in
other respect. The modified Addy computer program meets these criteria.

The goals of the present work are: (1) to include one of the currently
available recompression models in the computer program, and (2) to assess the
adequacy of the model by comparing calculated and experimental base pressures
for a large data base. Since Korst's original development, a number of
recompression criteria have been proposed by different authors. Several of
these will be briefly discussed as a short survey of the overall activities in
this area.

One of the earliest proposals for a recompression criterion was made by
Nash [6]), who simply proposed that the Korst isentroplic pressure rise be
aulti{plied by a constant to obtain the recompression pressure rise. On the
basis of a very limited amount of experimental data, Nash established a value
of 0.35 for this factor in the supersonic flow case. Another approach to the
recompression criterion is the Page criterion which is presented in Reference
7, with References 8 and 9 discussing application techniques. The Page cri-
terion i{s based on a correlation of experimental data which model the ratio of
the flow turning angle at the reattachment point to the total turning angle as
a function of the discriminating streamline velocity ratio. Carriere and
Sirieix [10, 11] developed an aagular reattachment criterion which correlated
the effective turning angle of the reattaching streamline as a function of the
inviscid flow Mach number. In Reference 12, Wagner and White studied the
effects of the initial boundary layers and some of the recompression models.
They found that over a considerable range of free streamline Mach numbers, the
Page criterion and the Office National d'Etudes et de Recherches Aerospatiales
(ONERA) angular criterion gave very similar reattaching streamline turning
angles.

The Page model and the ONERA angular criterion are of speclal interest
because both are presented in the form of simple correlations which are based
upon comprehensive sets of experimental data. Both techniques relate the
recompression process to the angular deflection at the reattachment point.
Each also assumes that the stagnation pressure of the discriminating
streamline {8 equal to the reattachment static pressure. However, in the
application of the Page model, an iterative procedure is necessary to calcu-
late the length of the constant pressure mixing region [8] even for the single
stream problem. Wagner and White ([12] reported serious convergence problems
when trying to implement the Page model for the two-stream base pressure
problem. Therefore, it was decided to restrict the present investigation to
conslideration of the ONERA angular criterion for the recompression calculation.




N 2.0 ONERA RECOMPRESSION CRITERION

2.1 General Discussion

r,

The ONERA angular criterion is based upon the correlation of a body
of data from a set of systematic experiments [ll]. These experiments were
arranged so that they corresponded essentially to a vanishing upstream boun-
dary layer. 1In addition, the change in reattachment angle caused by blowing
into the base i{s correlated with Korst's basic theory. Thus, the recompres-
sion turning angle for the no-bleed, no~initial boundary layer is to be taken
from an experimental data correlation; however, the effect of bleed or bound-
ary layer influence may be predicted analytically. With these empirically
established facts at hand, it was postulated that the basic angular criterion
could be formulated as

e e
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: ¥ = UMy, Cy) (1)

For the usual application of the criterion, it is assumed that the boundary

layers are thin with only a small bleed. In this case, it is permissible to

linearize Equation (1) so that

" < )4
=9 (M) +C o

1 q |ﬂ‘ﬂj (2)

P

where Cq is a general bleed coefficient defined by

: Cq = 2
_ q T\elt T T

where o 18 included in the definition of C, to make it compatible with the 2f3}
upstream boundary layer effects on the mixgng layer equations (see Equation 33 :

of Reference 5). The critical angle ¥ (My) for vanishing C, is obtained from T
the ONERA data. This data was obtained for an isoenergetic, two-dimensional e
flow with the ratio of specific heats, y, = 1l.4. Thus, rigorously, the appli-
Q cation of this criterion should be restricted to these flows; however, equa-
e tions for the non-isoenergetic case will be derived. For application of .
-, Equation (2) to the practical calculation of base pressure, the function e
Y (My) needs to be given in analytical form. An empirical curve fit for
¥ (My) was first given by Solignac and Delery in Reference 13 as:
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¥ (Mg) = 57.3 (0.569 - 0.5096/M,) (4)

where ¥is in degrees. Later, Wagner, in Reference 14, developed a polynomial
curve fit of the data of the form

.
A
-

A ]

T (Mg) = 57.3 (0.044 + 0.172 My - 0.018 M,2) (s)
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This equation also yields ¥ in degrees. The free streamline Mach number for
the ONERA data varies from approximately 2.0 to 4.0 and both of the empirical
equations fit the data very well in this Mach range. However, when the
equations are used to extrapolate ¥ beyond the data range, sizable differences
occur, and there is no substantial evidence to suggest that either is superior
to the other. Therefore, solutions for base pressure which utilize free
streamline Mach numbers outside of the data range should be treated with some
caution. A comparison of the critical angle ¥ deduced from the above
equations and other sources is presented in Figure 1 which is taken from
Figure 6 of Reference 1l4. It is seen that not only do the equations agree
well with the ONERA data, but that the Page model also ylelds critical angles
which agree well with the ONERA data.

2.2 1Isoenergetic Equations -

With the relationship for the critical angle ¥ established in a
usable format, we turn to the task of evaluating the partial derivative in
Equation (2). As discussed above, Korst's basic theory accurately predicts
the change in the turning angle. Since the ONERA investigations do not alter
the concept of isentropic recompression up to the reattachment point, the
angular change of the dividing streamline, AY, up to the reattachment point,
must be equal to the reattachment angle calculated with the basic Korst
theory. So, we have

A% = w(My) = «AMg) = Foree (6)

where, wis the Prandtl-Meyer function and Mp is the Mach number of the adja-
cent inviscid streamline at the reattachment point. Since the C, effect
changes only the streamline angle up to the point of reattachment and the
angle change from downstream of the reattachment points is independent of Cq,
then there results:

p¥ _ AW _ _ duMp) _ _ dw _ AR

x a
&q &q &q dMp acq
where -%:—R will be defined later. Now, the gradient of the Prandtl-Meyer func-
tion 1is given by Reference 15, pg 466, Equation (15-3). .
VM2-1  aw2
dws= (8)
w2 1+ L2 w2
Then,
dw, VM2 -1 (9)
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: Now the recompression on the reattaching streamline is still assumed to be .-:"§
\ isentropic and the total pressure on the discriminating streamline is equal to :‘{} ]
. the static pressure at reattachment. Then, using the usual isentropic rela- i
tions, there results (4
]
2 1y 2 | F"s‘”
! Pr _ Pp/Poa -1 L= M | T e
: Py " Palfoa | T or 5
: 1+ 5= ug? i

Y E. .
10) Ry
- Pod 1, .\ =% ( gy
P, - ——— = 1 b Iy
- Py (1 trtt) " %5
:. - v
5 where My is the Mach number on the discriminating streamline. This Mach
’ - number can now be expressed as
uy2 U2 u2 a2 T
2 . __.d - .——d x a x a - 2“ 2 —9- 11
“d adz Uaz aaz adi M a Td ( )
and for the present assumption of isoenergetic flow, the relationship between
- the temperature ratio and the Crocco number is given by
- T _L- #Cq2 (12)
i Ta 1 - Ca2
- which ylelds
% 2 [1-ca? 13)
..' M 2 = ZM
d & Ma 1 - Mzcaz
= The relationship between the Crocco number and the Mach number is given by RN
- Equation (51) of Reference 16 e
: P
» 1 2 ‘:'t:‘;
x> i
= Ca2 = _Z__H:__. (14) K=
: 1+ L2 u,2 o
:i and when this result is substituted into Equation 13, there results j:'::l:
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After substituting Equation (15) into the right-hand side of Equation 10 and
simplifying

1 Y
1 +XL=2n2 —
P a
od _ 2 vl (16)
Py

1+ L2 1,2(1-42)

The left-hand side of Equation 10 is now combined with Equation 16 to give

2 |71 2 |5
1+ 1M, Y 1+ _'rz'_l_Ma r1
) YL M2 (1-4:2
Xl 2 1+ My® (1-4%)
1+ 5= M : 2 (17)
Equation 17 can be solved for Mz to obtain
Mp2 = (1 - &d2)M,2 (18)

To continue toward the evaluation of the derivative in Equation (2), Equation
(7) must be further expanded by the chain rule to obtain

JEL TR .. 1 3% (19)

N T TV
Differentiating Equation (18) results in
Moo Yl (20)

3oy Ny

Combining Equations (18), (19), and (20) with Equation (9) evaluated at the
reattachment point gives

¥ & YMr“-1 du (21)
x 1 €
q -2 2 q
(1-4g )(“T"“)

Oda e
where we still have the requirement to evaluate 3§:' This can be done by

writing the integral equation for the mass flow in the shear layer up to the
discriminating streamline in the form (Equation C-41 of Reference 17)

nd
N = §f £ en=Tinra) - T2(nra) *+ G (22)
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. Now Il(“Ra) and Iy(n Ra) are constants, and therefore independent of C,, so -‘:':
. when Equation (22 ) is differentiated with respect to cq, there 18 obtafned :-':'
; .
oy p(rg) gy = 1 (23) e
~ mq pa :J‘,:\
) 3
Expanding Equation (23) by the chain rule and solving the resultant equation S,

i
' for _;_q;, ylelds ,L'fl
- 4 . pa 1 3 (24) N
- %q P(ng) % 3% e
The velocity profile in the shear layer is defined by the error function, so k’:
- o= %-[1 + erf(n)]- é-[1 +2 T e dn] (25)
.:, T N _.
’~ o -.:.-.'
& which yields upon differentiation )
S0, 1 e_nz (26) o
CURN e
:'_ and using isentropic relations :‘.::?.:'

1 - #2C,2 4

Pa - t3“Cq (27)

P(n) 1 -cq?

Now, when Equations (26) and (27) are combined with Equation 24
2.2

9 - c 1 1
- % ZLl7% "% ° ek (28)
N Lq 1 -Cf  Myx
S: The final step is to substitute Equation (28) into Equation (21) use Equation :::f‘i
M (18) for the definition of the Mp, and make the approximation Ny = N4, the RN
' result is o
- ) S V¥,2 (1-¢4%) - 1 1 - 64%¢a2 1 2, Rk
N ™ (=02)| 1 + Y1 M2 (1-0,2 | 1 -c,2 =Y B
‘-.' q j 2 a ( 01 ) a R :'~
.r: ':'\:
: This completes the derivation of the equations required for the application of r
'_'.'; the ONERA recompression criterion to the restricted case for isoenergetic flow. Ot
- Values of ny and ¢j are determined by Korst's theory in the course of each base e
~ pressure iteration as a function of C,, and therefore, can be assumed to be o
: known for application to the solution of the recompression criterion. "
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2.3 Non-Isoenergetic Equations

2,7,7.570.74

The extension of the application of the ONERA recompression cri-
terion to non-isoenergetic flows is discussed by Delery and Sirieix (18] and
also by Wagner [14]. Since missile design cases are non-isoenergetic flow
cases, the equations for this situation are given herein. Delery and Wagner
use somewhat different approaches for determining the critical angle, ¥, for
this case, but they use approximately the same approach for determining the
derivative term. Using the same approach as Delery, it is assumed that

.
*

¥ = WMy, N3,Cq) (30)
- and when C, {s small
- q
o = dY
\". Y= Y(MS'M) + Cq E;(Ma’Ad) (31)
N
where
N T Tob T
5 M'fﬂ-T—o“+°d(1'FC)'§').Ab+°d(l-Ab) (32)
- oa oa oa
" The analysis to determine the derivative, Kk 4 proceeds as in the isoenergetic
-ﬁ case, but with greater complication due to the temperature effect. Since the
3 process is identical, this development will be presented in a summary manner
- with critical steps related to the equations in Section 2.1. The first signi-
¥ ficant non-isoenergetic effect occurs in the temperature equation for the
discriminating streamline Equation (12) which is
. Tq _ M - &a2Cs?
N T3 (33)
" T& 1 - Ca
- And when this relation is inserted into Equation (11), the following defini-
> tion for the discriminating streamline Mach number
Q: 2y .2
&M
Mg? = 1 az YL 2,2 G4
1 + M - M
M( ——Ya ) 5 d“Ma
4’ =
ﬁ When Equation (34) for Mﬂz is substituted into the right-hand side of Equation i :
¥ (10) and the resultant is simplified and solved for Mg, -
- 2 :.Q-.'
M g
Mg2 = M,2 (1 v ) (35)
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Now Equation (32) is substituted into Equation (35) and the resultant equation
is differentiated to obtain

e Ma &4 bt M (36)
% Vo 04 XVA + 9, 21\13/2

Y XHEXN A,

As in the isoenergetic case,
¥ o _ Mg ¥y
Xq Mg g~ Lq (37)

and when all the derivatives along with Equation 35 are substituted into
Equation 37,

2
]
2 - h| _
Ay *\%ﬁa ( 7§T') : A
— 1 & X ———— X
Xq F+'2LM32 (1 - A_i)] yr(l - oMy + ¢j)<1 - %.Li)
3 b

1
bty Q&) a4 6y(1-M) - 64243 en2
A-13/2 \/1!-0_1 a- cﬂZ) (38)

Thus, 1t i{s seen that the effect of non-isoenergetic flow on the angular gra-
dient can be correctly calculated by the above analysis. However, this effect
upon the critical angle, in the absence of experimental data, is subject to
some conjecture. Delery [18] proposed a modification of ¥ for gases with a
ratio of specific heats, y, different from 1.4. However, he did not propose a
temperature ratio modification. Wagner [14] following the proposal of Sirieix,

et al [11], used a blowing correction to a modified version of Equation (31).
This modified equation is

¥ = Worse (CasTod/Toa) + (acq)&% (C,\T_,/T_ ) (39)

where the blowing correction, €, proposed by Wagner is defined by
€= 0.2934 - 0.1773 M, + 0.04132 M2 - 0.00311 M3 (40)

in order for ¥ to be approximately equal to the ONERA ¥ when C, = O. Wagner
suggests that these results are applicable to the non-isoenergetic case and
for values of y that are different from 1l.4. These modifications to the basic
criteria are easily implemented within the basic MICOM Base Pressure program
and therefore, were selected to be used in the program modification and sub-
sequent calculations.
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2.4 Modified ONERA Criterion

L

(NS

Wagner and White [12] and Wagner [l4] developed a modified ONERA
criterion to account for interference effects in the two stream base pressure
problems which are not present in the single stream problem. From a physical
point of view, it appears that the pressures in both recompression zones
should become equal at the point of reattachment. The ONERA criterion uses
the slip streamline angle to establish the turning angle, ¥; whereas the
modified criterion uses this direction only as a first approximation and then
varies the direction until the pressure ratio becomes equal in the two shear
layers. This technique uses an iteration procedure which varies the reattach-
ment angle, ¥, that produces a change in the mass flow coefficient when
Equation (2) is solved for C,. This leads to a change in ¢y, and thus, produ-
ces a corresponding change in the pressure ratio from Equation (16).

I."
7,
IAN
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For the application of this modified criterion, it i1s necessary to
compute the pressure ratio at each step. Therefore, the velocity ratio ¢4 is
required and is computed from a relationship involving ¢; and Cq. Wagner ([l4],
showed that while a linear relationship is satisfactory eor Equation (2), it
would be necessary to use a second order Taylor series expansion to achieve
comparable accuracy in the calculation of ¢3. Therefore,

2 Cq2
m-aﬁcq—a—% +_‘21_i_2. (61)
3Cq“ 13 %q“ |3

where, for the non-isoenergetic case

e . (42)

2 Féc?
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1
q l'caz ¢

1
v

and, the second derivative can be expressed as,

Tob 4+ ¢2c,2 )
®¢ =26 | _ Toa = 1.1 e-,,z_zA‘“Ca | 43)
X2 Xq 1-C,2 ST 1-c2

Utilizing Equations (42) and (43) with Equation (41), there results

c Tob -ny? ‘ :
- g +C, 2 1 - 9 (°+¢202)u—
L
+ (Aj - ajzc,z) ny o,] (44)
and .'
- :2c,2 -n2 -
T RO Tl i W | (45)
€q 1 -c,2 by VT

which completes the equations necessary to implement Wagner's modified ONERA
criterion.



I T G L E A R LN WL - .

. LI
. .

s ¥ 7T ¥ ¥
PR A

n £, 0 St e

R )

2.5 Axisymmetric Reattachment

The original development of the ONERA angular criterion was based
upon data taken for two-dimensional flow and the critical reattachment angle
presented in Figure 1 {s restricted to the two-dimensional case. Solignac and
Delery [13] conducted a series of systematic tests to establish a set of reat-
tachment data for axisymmetric flow. Using similarity considerations and this
data base, they were able to establish a correlation parameter relating the
axisymmetric reattachment data to the two-dimensional critical angle.
Therefore, in order to apply the ONERA criterion to the solution of the axi-
symmetric base pressure problem, this correction must be applied to the two-
dimensional critical angle. This correlation is

A= Yyx - Hp = £(F) (46)
and ONERA found that
£(F) = 2,7 = 3.5 tan (5.4F - 4.4) (47)

did an excellent job of correlating the differences between the two-
dimensional and axisymmetric experimental data. In Equation 47, F {s the
ratio of the two-dimensional to axisymmetric spread rate parameters and is
given by

¢2-D 1
F = -érx— - L—rR- / rds (58)

where L is the length of the shear layer and rp is the radius at the reattach-
ment point. Correlation of the two sets of data by this function is presented
in Figure 2 which has been taken from References 14 and 18. The axisymmetric
data was obtained from three experiments as 1llustrated by the insets on the
figure. 1In the first case, there was a large angle cone with slender forward
cylinder and a small angle cone ahead of the cylinder. The forward cone was
larger in diameter than the cylinder so the surface streamlines separated from
the model at the base of the forward cone. Reattachment occurred on the sur-
face of the large angle cone. A second series of experiments was performed
with an under expanded supersonic nozzle which was surrounded by an external
shroud. 1In this case, the plume boundary expanded out of the nozzle and the
reattachment was on the external shroud. The third test to obtain data used
an axisymmetric body with a rearward facing step followed by a cylindrical
afterbody. Streamlines separated from the forward surface at the step and
reattachment was on the downstream cylinder. The function F must be calcu-
lated for both flow boundaries in the axisymmetric base pressure problem and
then the critical angles are obtained by applying the correction. All of
these calculations are easily performed within the framework of the basic
MICOM Base Pressure program.

3.0 COMPUTER PROGRAM MODIFICATIONS

With the completion of the present work, there have been two stages of
modifications on the Addy base pressure program which are documented in
Reference 4. First, the effects of the upstream boundary layer and the effec-
tive shear layer origin shift were included in the program and were documented
in Reference 5. 1In the present work, the ONERA recompression criterion and a
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modified ONERA criterion have been included to replace the empirical
recompression coefficient derived by Addy(3]. Most of the calculations for
the new recompression criterion have been included in the subroutine TIMIX of
the original program. The solutions for these criteria implemented in this
subroutine have been adapted from the Wagner and White program which was also
based upon the MICOM Base Pressure program.

The program has been run for a large number of isoenergetic cases and has pro-
ven to be very reliable when operating in this mode for either the standard or
modified ONERA criterion. Results from these calculations will be discussed
and compared with some available experimental data in Section 4.0 of this
report. A limited number of non-isoenergetic cases were successfully run with
both internal and external gases having a ratio of specific heats equal to
1.4, However, when the ratio of the inner to outer stream temperatures became
large, the program would fail. The program would not operate for the non-
isoenergetic case when the internal gas ratio of specific heats was not equal
to l.4. Therefore, it is apparent that irrespective of the performance of the
angular criterion in the basic isoenergetic case for which it was developed,
additional development will be required before it can be used for the general
non-igsoenergetic missile design case.

This program is available as a private user (P) file in the Perkin-Elmer
account which was assigned to the delivery order under which this study was
performed. It is also available on a backup tape for safekeeping. The file
name for this problem is 'BPRESOC' which stands for Base Pressure-ONERA
Criterion. Even though the program is named ONERA criterion, it will also
calculate with the modified criterion by selecting the appropriate value of a
logical variable. The progrm is set up to run in an interactive mode on the
Perkin-Elmer 3230 with the option to either use a data file for most of the
data or to input all of the data interactively. A definition of the
Perkin-Elmer interactive screen cues and input data is presented in Appendix
A. The complete FORTRAN listing of the program is printed in Appendix B to
provide a permanent record of the current state of the program.

4.0 PRESENTATION OF RESULTS

Calculations have been performed for a large number of isoenergetic cases
for comparison with experimental data and with Wagner and White's calculations
which are presented in Reference 12. Some reasonably recent data such as that
presented in Reference 19 were found and most of the data sources that Addy
used for his empirical correlation (3] will be presented. The various com-
parisons which are given represent a rather wide cross section of geometric
configurations, nozzle configurations, and free stream Mach numbers.
Generally, the data sample seems sufficiently large to support any general
conclusions that might be reached.

4.1 Comparison with Wagner and White's Results

Wagner and White [12] compared results from their calculations with
experimental data for several cases. Calculations were performed with the
present progrm to compare with the Wagner and White calculations and the
appropriate experimental data is included to complete the theory to data
comparison. Figure 3 presents the comparison of the two sets of calculations
and experimental data for a cylindrical afterbody configuration of Agrell and
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White [19]. The Wagner and White calculations were extracted from Figure 5 of
that paper. Wagner and White investigated the effects of origin shift, spread
rate parameter, and recompression criterion. From these and various other
results, it was concluded that the ONERA origin shift [11], and the Korst and
Tripp, [20] spread rate parameter definition would be used exclusively in the
current investigation. The two sets of calculations for the standard and
modified ONERA criteria agree extremely well, as indeed they should. The dif-
ference between the modified and standard criteria 1is small at low pressure
ratios and it steadily increases as the pressure ratio increases. Agreement
between the modified criterion calculations and the experimental data is very
good at the higher pressure ratios and not quite so good at the lower pressure
ratios. Also included in this figure as a reference for the recompression
criterion effect, are calculations using the original Korst isentropic recom-
pression with the boundary layer terms and origin shift included. Figure 4
_ presents the mathematical variation of the base pressure as a function of the
: upstream boundary layer momentum thickness for the cylindrical afterbody con-
I ’ figuration of Figure 3 for a pressure ratio equal to 3.0. Current calcula-
tions for both the standard and modified criteria are compared to the same
types of calculations by Wagner and White. Again, there is excellent agree-
ment between the two sets of calculations while both types of calculations
somewhat overpredict the experimental data point extracted from Figure 3.

v -~ v ® - - -

y One important observation from this figure is the relatively small gradient
| of the base pressure with increasing momentum thickness beyond a nominal

. thickness value. Therefore, for experimental reports which do not include
K boundary layer data, it appears to be reasonable to estimate the momentum

. thickness using engineering methods.

A comparison of the same types of calculations for this same configuration
as shown in Figure 3 is shown in Figure 5, but the free stream Mach number has
been increased to 3.27. There is, again, excellent agreement of the results
from the two programs for both the standard and modifi{ed ONERA criteria and
also for calculations using the Addy recompression coefficient. Calculated
results using the two ONERA criteria agree well with the experimental data at
low pressure ratios but a @ —ery much greater at the higher pressure ratios.
This is inverse to the trend of Figure 3. Figure 6 continues this series of
comparisons of calculations and experimental data. For the first time, there
are differences between the current calculations and those of Wagner and
White. The configuration for the data of Figure 6 is a six-degree conical
boattall afterbody. The other analytical comparison in the figure utilizes an
empirical recompression coefficient for boattailed bodies which was developed
by Dr. White through a correlation of the experimental data [19]. Since there
1s extremely good agreement between these two solutions, a strong indication
- that both programs are performing the boattail flow field solution correctly,
“ the difference between the solutions utilizing the two ONERA criteria is
puzzling. A final comparison of current calculations between the Wagner and
White calculations and the experimental data [21] is presented in Figures 7
through 10. Pigure 7 presents the base drag coefficlents for all three con-
figurations for which data is presented in Reference 21. Since the base drag
coefficient {s somewhat insensitive to the base pressure ratio, it was decided
to recast the data of Figure 7 into the base pressure ratio and this {s pre-
sented in Figures 8 through 10 for the three different nozzles. There are
small differences between the current calculations and the Wagner and White
calculations. However, the differences between the calculations are greater
for the largest nozzle. Two comparisons with calculations published by
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j Dr. Wagner [l14] are presented in Figures 11 and 12. Figure 1l compares c;-
o calculated results from the two programs with additional data from Reference Ao
J 21. The model configurations for the data presented in this figure ace a e
-

cylindrical afterbody with a sonic nozzle and a Mach 2.0 nozzle with uniform
parallel flow in the exit plane. Current calculations agree well with
Wagner's calculations and both sets predict base pressures somewhat higher
than the experimental data. Figure 12 presents a comparison of results from
the two programs for two configurations for which test data is available in
Reference 22. The current calculations yield greater values of base pressure
than do Wagner's calculations for both the ONERA criterion and the modified
criterion. This disparity is disturbing because it seriously affects the dif-
ference between the calculations and the experimental data. However, a con-
K certed analysis of the current calculations failed to disclose any reason for
. the differences between the two sets of calculations.

L

?ggs

DY Ay

. Overall, the comparisons of the current calculations with those of Wagner

l and White show good to excellent agreement. This instills confidence that the
analyses and program modifications have been executed correctly. On the other
hand, comparisons of calculated and experimental results show some cases of
good agreement and some of poor agreement. However, more comparisons of
calculated and experimental data need to be made before drawing any conclu-
sions concerning the overall prediction capability of the computer program. 3

4.2 Comparisons with Experimental Data

. [N
The overall effectiveness of the base pressure computer program in 5{5
predicting base pressure will be judged by a broad based comparison of calcu- L
lated and experimental data. Addy [3] collected a wide ranging data base to -
' develop the correlation for his recompression coefficient. Since Addy's ) ;
. report was published, Agrell and White published Reference 19 which contains e
o considerable additional data. Experimental data for the comparisons to be 231
- discussed in this section will be obtained from these sources. Figure 13 yﬁf
completes the comparison of the current calculations with the data of Reld and ﬁb}
S Hastings (see Reference 21). Figures 7 through 11 for the other comparisons. 1{;
' Agrell and White [19] published a rather comprehensive set of data for aca
K cylindrical and boattailed models at two free stream Mach numbers and two dif- Yo
- ferent nozzles. Some of the data indicates that flow separation occurs for- {j,:
s ward of the base for the larger boattail angles and pressure ratios. This -
. data was not used for comparison with calculations since the current program ﬁi{
= does not have flow separation prediction capability. Some of the Agrell and E:‘
) White data is presented in Figures 3, 5, and 6. The rest of the Agrell and —
< White data for attached flow on the afterbody are compared with current calcu- . b
- lations for both the standard and modified ONERA criteria in Figures 14 o
l: through 20. 1In general, the calculated base pressures are larger than the e
- experimental values. The amount of the overprediction depends on the nozzle o
% characteristics, boattail angle, and free stream Mach number. At Mo - 2.01, X
E the basic trends of both calculated and experimental data are quite similar ;z?
o over the pressure ratio range. However, at M« = 3.27, the variation of the )
- experimental data over the pressure ratio range is much smaller than the S:j‘
variation of the calculations. hAS
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Experimental data of Bromm and O'Donnel [22] are compared with calculated
values of base pressure and presented in Figure 13 and {n Figures 21 through
25. Bromm and 0'Donnell obtained data at three free stream Mach numbers, two
nozzle sizes and three nozzle wall angles. Once again, the calculated data
are, in general, greater than the experimental data; however, the amount of
the overprediction varies significantly from case to case. It is suspected
that some of this variation is due to experimental uncertainties, especially
for the ten degree nozzle exit angle. Qualitative trends are well predicted
by the calculated results and the experimental trends remain similar for all
three free stream Mach numbers. Baughman and Kochendorfer [23] published data
for bodies with five different boattalil angles with the base to nozzle radfus
ratio determined by the boattail length. The models were each tested with
constant size nozzles that produced different exit plane Mach numbers. These
nodel and nozzle combinations were tested at free stream Mach numbers of 1.91
and 3.12. Comparisons of calculated and experimental base pressures for these
conditions are presented in Figures 26 through 38. Again, the calculated data,
in general, is greater than the experimental data. Qualitative trends are
wvell predicted for the Mach 1.91 data. However, the trend of the variation
with pressure ratio was not well predicted for the Mach 3.12 data and this
same result was observed in the comparisons with the Agrell and White data.

The next set of comparisons presented is with the data of Henderson [24].
These comparisons are limited to Henderson's cylindrical afterbody configura-
tion and they are presented in Figures 39 through 44. All of the calculated
base pressures are greater than the corresponding experimental data. Thus,
the trend that has been established through all the previous comparisons con-
tinues without exception. Comparisons of calculated base pressures with the
experimental data of Reference 25 are presented in Figures 45 through 53. The
configuration for the data and calculations of Figures 45 to 47 is a cylindri-
cal afterbody with a small nozzle and the mismatch of data with calculations
is probably the largest yet observed. However, this follows the trend of the
Reid and Hastings data presented earlier. The remainder of the data is for
nine~degree boattail models and significant mismatches have been observed for
similar configurations in earlier comparigons. Figures 54 and 55 present com-
parisons of calculated base pressures with experimental data of Cortright and
Schroeder [26]. As in all previous comparisons, the calculated values are
greater than the experimental values. Data from Harries [27] are compared to
the calculated base pressures in Figures 56 through 60. The isoenergetic data
of Reid [28] is compared to the equivalent calculated values in Figures 61 and
62. Comparisons of calculated base drag coefficients with experimental data
{29] 1is presented in Figures 63 through 65. The data presented {s for the no-
bleed test cases. Since the predicted base drag coefficient is lower than the
test data, the predicted base pressure continues to be greater than experimen-
tal values. Also, at a Mach number of 3.5, the trend over the pressure ratio
range is not well predicted. This continues the pattern noted in comparisons
which were previously discussed. Figures 66 through 69 present comparisons of
calculated base pressures with single jet experimental data from Reference 30.
This is the only set of data which generally agrees with the calculations.

The geometric configuration i{s quite similar to configurations for which com-
parisons have been discussed previously where calculations and data did not
agree. Therefore, it is felt that this set of data is not consistent with the
rest of the data base. The final comparisons to be presented are shown in
Figures 70 through 73 where the data is taken from Reference 31. These
figures show the usual trend of the calculated values being greater than the
experimental data.
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Ordinates

PB/PE
CD-B

Cp-B

Abscissae

PI/PE

THETA/R

POI/PE

Parameters

BETAe
BETAi
Me

Mi
Ri/R

THETA/R

PP SN PN U O]

A S A0 Ak e e svee Shue A.con 8 g Jhan ban Shhe i b e g

COMPUTER PLOT LABEL DEFINITIONS hS:'

N-

%

Ratio of base pressure to free stream static pressure -
Base drag coefficient g’.;-..
oh X

Base pressure coefficient B
N

o

Ratio of nozzle exit plane static pressure to free stream T
static pressure are

Ratio of external boundary layer momentum thickness to maximum
body radius

Ratio of nozzle stagnation pressure to free stream static
pressure

Body (external flow) angle at base

Nozzle wall angle at exit plane

Free stream Mach number

Nozzle exit plane Mach number

Ratio of nozzle exit radius to maximum body radius

Ratio of external boundary layer momentum thickness to maximum
body radius
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ONERA Data

. . Hyperbolic Approximation (ONERA)
——~—— — — Parabolic Approximation (Wagner)
——es———s+s—— Page Model
—-—————w——-= Korst
—e¢— —+— — Korst Plus Bleed Correction (Wagner)

Critical Angle ~ ¥ ~ Degrees

0 1 | | L L 1
1 2 3 4 5 6 7 8

Streamline Mach Number - Ma

Figure 1. Critical recompression angle.
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Definition
General bleed coefficient
Crocco number (U/Umax)
Two-dimensional to axisymmetric spread rate ratio
Integral defined by Equation C-38 of Reference 17
Integral defined by Equatjon C-39 of Reference 17
Total length of mixing layer
Mass bleed
Mach number
Pressure

Temperature

x-component of the velocity within the shear layer or
boundary layer

Mixing layer origin shift due to upstream boundary layer
Intrinsic coordinates in the two-dimensional mixing region

Mod ifying bleed coefficient

Ratio of the specific heats

.
=

Stagnation temperature ratio (see Equation 32) e

- v
e
e v
:

n Dimensionless coordinates in the mixing region [oy(x0 + x)] LN

Critical reattachment angle for the no bleed case

W
€

5 b Critical reattachm:nt angle lj;f
:;. p Density o
]

:1 g Spread rate or mixing parameter

fﬂ 8 Boundary layer momentum thickness

S

r w PRANDTL-Meyer function
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GLOSSARY
Subscripts Definition
AX Axisymmetric
a Adjacent inviscid flow

b Adjacent quiescent region

N
2
RN

B Base Region

" '
.
> »

d Discriminating streamline

ALY A R L AU A LA R v

i o Stagnation conditions EaNLY
R Reattachment conditions

R, Upper edge of shear layer

. Ry Lower edge of shear layer

i 2-D Two-Dimensional
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APPENDIX A
DEFINITION OF PERKIN-ELMER INTERACTIVE SCREEN CUES
AND PROGRAM INPUT DATA
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The current version of the program is configured to either (1) read part of

the data in an interactive mode from a terminal and part of the data from a
Namelist data file or (2) to read all of the data in an interactive mode
from a terminal. Data file fnput was found to be an efficient way to run
the program when multiple cases were to be run with perhaps only one (1)
input variable changed. For single case runs, the interactive mode is the
most efficient way to run the program. The Namelist {input file is name

DATA, and the definition statement is

NAMELIST/DATA/NPRINT, NSHAPE, X1E, R1E, X2E, R2E, BETD2E, EMNE, X1I,
R1I, BETD1I, GCI, GAMMAI, EMN1I, TROEI, KPRESR

Definitions of these variables, with the exception of NPRINT is given with
the appropriate cue below. NPRINT is an output control parameter defined

as follows:

NPRINT = -1, Input data and base pressure solution printed

NPRINT = O, Input data, iterations and solution printed

NPRINT = +1, Input data, iterations with constant pressure boundary
data, and solution printed

NOTE: 1In the total interactive mode, NPRINT = -1.

Cues which appear in the program are listed and the input quantity defined
in the order in which they appear in the program. Where data is optional,

depending on other input data, notes are included explaining the require- uﬁ}

ment or option. Ei;l

CUE: ENTER INPUT OPTION CHOICE, 1 = FILE 2 = TERMINAL -
READ (5, 72) INOPT
FORMAT (I1)
INOPT = INPUT DEVICE SELECTOR
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CUE:

NOTE:

ENTER NRCMP RECOMPRESSION CHOICE
0 = EMPIRICAL RECOMP COEFF AFTER ADDY OR WHITE

1 = KORST APPROXIMATION OF PAGE CRITERION

2 = CORRECT PAGE CRITERIA CALCULATED ITERATIVELY
3 = ONERA ANGULAR REATTACHMENT CRITERION

4 = ONERA CRITERIA MODIFIED FOR 2-STREAM REATTACK
S = AS 4, SECOND ORDER CORRECTION FOR PHID

6 = AS 4, NONLINEAR TREATMENT (RECOMP = 1.NEC.)
READ (5, 13) NRCMP
FORMAT (I1)

Only options 0, 3, 4, and 5 are operational. It {s suggested
that 1if the Addy or White empirical recompression coefficient is
used that the boundary layer momentum thicknesses be set equal

to zero.

The following cue appears only 1f NRCMP = 0 is chosen, then

CUE:

NOTE:

CUE:

ENTER RECOMP

READ (5, 6) RECOMP

FORMAT (F6.4)

RECOMP = SELECTOR FOR RECOMPRESSION COEFFICIENT

If RECOMP = 0., a value is calculated for RECOMP from Addy's or
White's empirical equations. If a finite value of RECOMP is

input, it is used for the calculatiom.

ENTER ALPHANUMERIC HEADING - 20A4

READ (5, 10) (A(1),I=1,20)

FORMAT (20A4)

A(T) = ANY ALPHANUMERIC PROBLEM DESCRIPTION
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CUE: ENTER NSHIFT
READ (5, 9) NSHIFT
FORMAT (Il)
NSHIFT = O, ONERA ORIGIN SHIFT (RECOMMENDED)
NSHIFT = 1, SHEAR LAYER AND BOUNDARY LAYER MOMENTUM THICKNESSES
MATCHED
NOTE: If a Namelist data file is to be used, the next cue to appear is

,

Blel e S

s

the cue for the number of pressure ratio cases to be run. For

the interactive mode, the following cue appears.

AFTERBODY SHAPE PARAMETERS
0 - CYLINDRICAL AFTERBODY

CUE: 1 - OGIVE BOATTAIL
2 - PARABOLIC BOATTAIL
3 - CONICAL BOATTAIL OR FLARE

ENTER AFTERBODY SHAPE PARAMETER - Il
READ (5, 13) NSHAPE
_ FORMAT (I1)
- NSHAPE = PARAMETER DEFINING THE AFTERBODY SHAPE

.- MESSAGE: BODY AND NOZZLE DIMENSIONS ARE RELATIVE
-j THEY CAN BE INCHES, FEET, OR CALIBERS
"X" DIMENSIONS ARE POSITIVE AFT

CUE: ENTER "X" AT BODY BASE
_ READ(5, 11) X1E
~ ’ FORMAT (4F10.4)
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X1E * LONGITUDINAL COORDINATE OF POINT WHERE SEPARATION OF THE )
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CUE:

ENTER RADIUS AT BODY BASE

READ(S5, 11) RIE

FORMAT (4F10.4)

R1E = RADIAL COORDINATE OF POINT WHERE SEPARATION OF THE
EXTERNAL STREAM OCCURS

The following three cues are dependent upon the value of NSHAPE. If

NSHAPE = 1, 2, or 3, these cues appear. If NSHAPE = O, they do not appear

and the cue for the free stream Mach number appears.

CUE:

CUE:

CUE:

CUE:

ENTER "X" AT START OF BOATTAIL

READ( S5, 1l1) X2E

FORMAT (4F10.4)

X2E = INITIAL LONGITUDINAL COORDINATE OF THE BOATTAIL

ENTER RADIUS AT START OF BOATTAIL
READ(5, 11) R2E
FORMAT (4F10.4)
R2E = INITIAL RADIAL COORDINATE OF THE BOATTAIL

ENTER SLOPE AT START OF BOATTAIL - DEG

READ (5, 11) BETD2E

FORMAT (4F10.4)

BETD2E = INITIAL BOATTAIL ANGLE (IN DEGREES) AT (X2E, R2E)
COUNTER-CLOCKWISE FROM X-AXIS IS POSITIVE.

ENTER FREE STREAM MACH NUMBER

READ (5, 11) EMNE

FORMAT (4F10.4)

EMNE = EXTERNAL FREE STREAM MACH NUMBER
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CUE: ENTER "X" AT END OF NOZZLE
READ (5, 11) X1I
FORMAT (4F10.4)
X1I = LONGITUDINAL COORDINATE OF POINT WHERE SEPARATION OF THE
INTERNAL STREAM OCCURS

CUE: ENTER NOZZLE EXIT RADIUS
READ (5, 11) RI1I
FORMAT (4F10.4)

RII = RADTAL COORDINATE OF POINT WHERE SEPARATION OF THE
. INTERNAL STREAM OCCURS

CUE: ENTER NOZZLE EXIT ANGLE - DEG
READ (5, 11) BETD1I
FORMAT (4F10.4)
BETDII = FLOW ANGLE (IN DEGREES) AT (X1I, R1I) COUNTER-CLOCKWISE
IS POSITIVE

CUE: ENTER NOZZLE GAS CONSTANT - LBF/LBM R
53.34 FOR AIR
READ (5, 11) GCI
FORMAT (4F10.4)
GCT = GAS CONSTANT FOR THE INTERNAL STREAM

CUE: ENTER NOZZLE GAMMA - 1.4 FOR AIR
READ (5, 11) GAMMAI
FORMAT (4F10.4)
GAMMAI = RATIO OF SPECIFIC HEATS FOR THE INTERNAL GAS

CUE: ENTER NOZZLE EXIT MACH NUMBER
READ (5, 11) EMNLI
FORMAT (4F10.4)
EMNLI = MACH NUMBER AT (X1I, R1I)
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CUE: ENTER EXTERNAL TO INTERNAL STREAM STAGNATION TEMPERATURE RATIO ey
- TOE/TOI
READ (5, 11) TROEI
FORMAT (4F10.4)

vy ¢

S

TROEI = STAGNATION TEMPERATURE RATIO OF STREAMS, TOE/TOI .%:E

X~

CUE: ENTER NUMBER OF CASES - Il S}a
READ (5, 13) NCASE ot
FORMAT (I1) i
NCASE = NUMBER OF PRESSURE RATIOS, PLI/PE OR POI/PE, FOR WHICH S

BASE PRESSURE CALCULATIONS ARE TO BE MADE FOR A GIVEN -

SET OF CONDITIONS AND GEOMETRY R

CUE: ENTER TYPE OF PRESSURE RATIO INPUT o
O FOR INTERNAL STATIC/EXTERNAL STATIC PRESSURE L=

1 FOR INTERNAL STAGNATION/EXT STATIC PRESSURE
READ (S5, 13) KPRESR
FORMAT (I1)
KPRESR = O, PR1IE (P1I/PE) IS INPUT, AND PROIE IS CALCULATED.
1, PROIE (POI/PE) IS INPUT, AND PR1IE IS CALCULATED.

The follwing cues depend upon the value of KPRESR. 1If KPRESR = O, then

CUE: ENTER PJ/PF
READ (S5,11) PRATIO
FORMAT (4F10.4)
PRATIO = PRESSURE RATIO (P1I/PE = PR1IE) FOR CASE 1.

5 If KPRESR = 1, then o,

CUE: ENTER POJ/PF'
READ (5, 11) PRATIO :
FORMAT (4F10.4)
PRATIO = PRESSURE RATIO (POI/PE = PROIE) FOR CASE 1. >
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CUE: ENTER BOUNDARY LAYER MOMENTUM THICKNESS AT BODY BASE
READ (5, 11) BLMTE
FORMAT (4F10.4)
BLMTE = EXTERNAL FLOW BOUNDARY LAYER MOMENTUM THICKNESS
AT SEPARATION POINT - SAME UNITS AS BODY
DIMENSIONS

CUE: ENTER BOUNDARY LAYER MOMENTUM THICKNESS AT NOZZLE EXIT
READ (5, 11) BLMTI
BLMTTI = INTERNAL FLOW BOUNDARY LAYER MOMENTUM THICKNESS
AT NOZZLE EXIT PLANE - SAME UNIT AS BODY DIMENSIONS
The cues PJ/PR or POJ/PJ along with the cues for BLMTE and BLMTI reappear

after the solution for each pressure ratio is obtained until the NCASE
solutions have been completed. After the solution for the last pressure

ratio has been completed, the following cue appears.

CUE: DO YOU WISH TO MAKE ANOTHER RUN? YES = 1, NO = 0

READ (5, *) IRUN

FREE FORMAT

IRUN = 0, NORMAL PROGRAM EXIT

1, RETURN TO FIRST CUE
Cues are typed above exactly as they appear on the screen and in the order
in which they appear. For the input data which are real numbers, a format
cue in the form of XXXXX.XXXX also comes in the screen. Mnemonics for the
input data are the ones used in Reference 4 and the definitions are basically

the same as those presented in Reference 4.
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APPENDIX B
COMPUTER PROGRAM LISTING
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C PRUGRAN TSARPP(INPUT,CUTRUT ,KUNCH, TAPFSZINPUT, LAPEOSHNTHUT, )
C 1 TAPETZHUNCH) X
c TeuUu=STRELANM AX 1 SYRNWNETRIC 6 ASE !ﬁ 7
C PRESSURTF PROUOGRALS» T SARPP « 2, \J('
c AFTERBODY UPTILONAL HEFUKE 2%
C PROGRAM HAS ROTH INTRRNAL ANU FATERNAL STREAM POl
c RUIINDRY LAYFR EFEECIS IHCLUDED IN THF FUKNMAT UF .\}\2
C EFECTIVE WASS HLEED AND A MIXING LAYER ORIGIN SHIFT, Q;:,
(o LI J
COPESSMASTER KEQIIIRES === INOUT, UUTIF, NUT2M, ACPHS, CRNSS, TJMIX, P
c JTER, THF VARIDUS SHAROUTINES CALL UTHERS,
C
c

DIMENSIUN PUR(1N0,%,2), CHARL(S,30), CHARF(S,39), P1(S), 12(5),
1 PI(S), A(20), DATA(10,2), WPTI(S,30), HPTE(S,)V)
Commun pui, CHNARL, CHARE, P11, K2, P)
CUMMUN /ANGLES/THFTAY ,THETA2,THFTAS,F1,F2

° COMPUN  /LRFVP/ PHI(350)

COMMUN /OATAIU/Z GCl,GAMMAL ,EMSET XLT,RIT,HBETALL,
GCF ,GAMMAF. ,FuS1? ,X1F,RIE,HLTALIF,PROIDE,
TRUEL,PRATE,PECONP A ,ENNLL,PRINI,EUNIF,PRINLE,
NPRINT NCAS] ,NCASF ,ALDRUL,ENGRUO, Y., EVNF ,FRFUF,
NPUKNCH, PROEOT ,PRUTE ,POLF] ,NSHAPE ,NPTSE,PRLTLE,
NDEFLT,BLNTF ,ALMT]

CUMMUN /Cwl /CORT AFIX, kP IX  NSEP,SEFRIS,XTEST,EEL ,SFPR,DELTA

COMMON /Cw2/X2E,R2E

COMMUN /Cw3/SIAMFL,SIGHE2,NRCYP ,NSIGNA ,NBLEED, KPAGE ,NSHIFT,

1 THRSLP ,RECHP] ,RECHP2

COMMUN /ICRUS/]JCROSS,HPR

W )

C

FANMSF(EMS ,GAYMA)ZSURT(((2,US(ENS$*2))/(GA4ANA+L,1))/
i (1,0=((GAMMA=] ,0)/(GANMAS],0) )0 (EMSE82)) )
ATFLMS (ENS,GAMMA)ESURT (2,00GAMMA/(GAMNMACGL ,0))Ss
1 (FAS/ 1 ,U=((GAMMA=] ,0)/(GANMALL,0))8(ENS5802)))
HDEFLT = |
NCASFsh

H NCASIZ2O

10  IF(HCAS]I EQ NCASE) NCASI=U

$SCSSREAV/WRITE BASE PRESSURFE CASF [HPUT NATAsesss

~fOaN

CALL INUUT
1V (NCASE.FO,0) GU TV 9

Cossss1ATTING RADLI FUR (1) AND (F) STRFAMS AWF SPECLIFILD HFKE,
K, 1=l ,5¢K1E
RLEEU,50R1]

Coeseo INITIALIZATION UF WASE PHRESSURE ITFRATION LOOP,
DTRROI=(1,0=-TRUEL)/2,0

e

v
.

erf‘
e teo0 .

t* . BPR=0,50

i HPRL20O,0
Cososop upIPICAL SEPARACTIUN PHESSURE RATID EXPRESSION FR)Meee

' c ZURUSK T, AIAA JOURNAL, UCTUHBER 1987, YUL, S, NU, 10, PP,1746=175]3,
C PRSEP 8 1,0 ¢ 0,3650(RMACH wU,),

COSOOSEXTLRNAL/INTERNAL FLUWS SEFARATIUL PRESSHURE RACINS,
PRSIF 8 1,0 ¢ 0, I0SSFuNIE
PHSIL 8 1,0 ¢ 0,365%FPNL]
HWPRN & PRSIE
IF (C(PNSLI/PRILEIGPRITILF) LT, 1,0) HPRP = PRSI PPRILLE
NOSOLNEO
NUISHAX = 10
THRPNEY
I LS T R-]
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NHFPHE]

NTYFEZN

LF(AHS (LRUFT=1,0),LF 1, 0t=003) ATYPF=)
20 IF (IHPR LLk, IWFHMX) GO TO 40

wRITE (3,22) KPRL, RAPR, HENR
22 FUNMAT (77, 1SX,
1 SIH SeeMAXImMUM NU, UF MASE PRESS, ITERATIUNS EXCFEOFDSes ,/,
2 1SX,10H ¢*9RPRL = ,F7,4,2X,7H RFR & ,F7,4,2%,
3 IH BPRR = ,F7,4,4H %00,/ )

IF((ABS(HPReHPRR) (LE 1 VE=3) IR, (KPR ,GT, APRK)) “RITF(3,24)
24 FUPMAL (15X,33H %58 PRURARLE F[.Ow SFPAKATION PUR .
1 200 SPECIFILEL DATA sss /)

wWRITE (3,26)
26 FURMAT (15X,
1 Q3 840088030008 008 0003008800008 80¢00008s00t80RRCSNRYS /)
GO FO 260
C
CY¥9088CHECK THAT APR 18 IN THE SULNTIUN RANMGF, (¥PRL,RPUR),
40 IF ((6PR .GE, RPRL) ,AND, (BPR ,LE, AFRR)) GO TU SO
BPRZ(BPRLIKPRR) /2,0
Cos88sCALCULATE THE EXPANSION PRESSURE RATINS FNR THE RIUNDARY CALCS.
50 PRAIL 3 nPR
PRROLFE = BPRSPRIUIF
PRAULIEPRBUIFSPNIFOL
PRR]1 I=PRAV]/PRIUI
PRAEZ(PRBOIEIPROIOF )} /PHEVE
PRBUESPHAODLESPRULOE
CP22,08((PRRE=],0)/(GAMMAES (EMNES®$2)))
CD = =CP®*((RIECO2=R11082)/KFVE])
Cee889oRITE THE CURRENT [RIAL SULUTION DATA,
CALL NUTIM(IBPR,A,EMNLT,PRIUI,PRRNT,PRATT,PROEDL, TKUEL,PRIILE,
1 EMNIE,PRIVLIE,PRBUILE,PRRLE,EMNE, PREDE, PRAOE,PROLE,
2 PRHE,NPRINT,BLDRU,EXGRU ,NSHAPE , NRCHP)
CeesesTHE INTERNAL CONSTANT PRESSIIRE BNURY IS CALCULATED FUR (PB/POT),
CALL ACPBS(GAM“AS ,EMSE1,PRBUI,X1],R1I,RETALL,RLL, IRPR,NPTSI,
1 NPRINT,1,LINIT] ,RPTI ,NSHAPE)
Ces9esTHE EXTERNAL CNNSTANT PRESSURF. RNDRY IS CALCULATEN FOR (PA/POLE),
CALL ACFBS(GAMMAE ,ENSIF,PRHO1F ,X1E,R1F,BFETALE,RLE,IBPR,NPTSE,
1 NPRINT,2,LIMITE,HPTE,NSHAPE)
Ce#8801F IMPINGEMENT OCCURS, THE IMPINGEMENT PUINT AND THE FLUw
c PRUPERTIES DUWNSTREAM OF THE RECUMPRESSTON SHUCK SYSTEM ARE FUUND,
c
CALL CROSS(GAMWAL,BPTI,LINITI,GARMAE,APTE,LINITE,
1 NIC,NEC,NSTUP,TUMLI, TIMLF ,PRSHUK ,NPRINT)
It (RECUMPOPRSHOK LT, 1,0 .AND, NSTOP K0, 1) NSTUP=2
G TU (80,82,¥4), NSTOP

CALCULATE THE HUUNDRY LAYER “UMBNTUM THIKNESS AFTER
THF BASE EXPANSION 1S CUMPLETED USING THF RESULTS
OF NASH PUBLISHED Id R, M, NN,3344,196),

anNnNnaNn

80 RBLMTERSALMTES(ESNIE/EMNNSF(HPTE (3, NEC),GAMNAK))S$¢2/PRALE
1 SnTFLMS(FEMSIE,GAMNAL) /wTFLPS(RPTE( 3,NEC) ,RAUNAL)
ALMTIASBLMNTIS(EMNLE/FMNMSF(BPTI(I,NIC),GAMMAL) )OS 2/PRIIL
1 CWTFLMS(EMSLT ,CARMAL) /WwTFLMS(RPTI(3I,N1C),GANNAT)

1TC=0
GO TO 9o
Cosoonnl) INVISCID SNLUTIUN ThIAL CASES,
C NUBHPR OF MO SOLBT (N TV IALS & Nus=ax,

Setetoe .

FRETIR
Sala¥alkal .
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HR JHIANNTISSIELE SHICK S, U110,

CO8800NN SULUTIONweeyl) JTuPInGEnENT
82 BEHEZIHPH
GN Tu W6
Coeseony SOLUTIUN===SHIUCR SYSTEM DIESNT EXIST FUR TRIAL vALUE UF ¢PR,
84 HPHLIWPR
A6 HPRE(HPNLIULPRR)Z2,
NUSULNZNOSOLYe ]
18 (NOSDLN,LE NNS¥AX) GO 10 20
CoOSSEMAX I MM NUMKER UF HU-SULUTIOUN TFIALS FXCFeUFD,
(o
wRITF (3,88)
88 FOR%ATL(//,
1 19X,49H $sepAx]IMln NU, UF Niv SULUTION TRIALS EACFENED®S ,/,
2 15[,49" S20005600800840008800000058888885808080830088808¢8 /)
GO TN 260
C
Ceo0esSTHNT HASE PRESSURE. AND TEMPLRATURE FATIO LFERALIUN LUUPS,
90 TRBOI=TROE]S
1F=}
HE=Y
100 TRBULSTRROL/TRNE]
ITC3ITCe}
Co*98*CALCULATION AND OQUTPUT (F TURKHULFRT MIXING RESULTS,
CALL TUMIX(GAMMAL,GCI, BPT1(3,NIC),TRRAUL,TINLI,
GAMMAE ,GCE,BRPTE(I,NEC), THROE ,TJIMLE,
RIT1,ENS1L,RETALTI RPTI(2,NIC),PRSHOK,
PUIEUI,TROE] ,RECUMP,RLDR,FNGR,
BLMTIS,BLMTEB,1TC)

» W N -

CALCULATE THE ROUNDAY HLERD RATES RATIUD TN
THE NUZZLE MASS FLUw RATE

anAnN

ALDHGE=BLMTER/RIISRIF/R11%PRR110(1,04COS(RETALL))S

1 SORT(GCI/GCE/TKUEL)SaTFLMS(HPTE(3,NEC) ,GAMMAE)/

2 WTFLMS(ENSL],GAMmATL)
BLNRUISBLMTIH/RII®PRBLLI®*(]1,0+COS(HETALIL))®

1 WTELMS(RPTI(I,NIC),GAMNAL)}/wTFIL.MS(FMS11,GANMAL)

ALDRUSHLDRQE +ALDRN]L
FNGROQESMLURQESGAMMAES (GAMMAL =1 ,0)8TROEIS(GCE/GCI)/(GAVMALS
Lt (GANMAE=],0))

ENGROUI=2RLDRO]

ENGRUSENGRNEL.+ENGROL

CALL OUT2n(PRME,PRA1],PKROEVL, TRBUL ,TRBUL,TRUEL,PRNIF ,PRIIE,

1 BLOR,ENGR,NPRINT,CP,CD,BLDRU,FNGRD)
Cos408SLToUP ITERATION LUOPS TU FINDee=
C NTYPES] (NOMISONENFRGETIC), TPHN1 8N THAT ENGHEENGRU,
C NTYPE=2 (NONISOENERGETIC), TRROI S50 THAT RLORsSBLODRU,
C NTYPFS) (1SUENEGETIC), CONTINUF TU BASE PHESSURF ITELRATION LOOP
C TO FInND RPK S THAT BLNR=BLULRO,

GO T0 (124,126,210), NTYPE
Co9s3oTRANI 1TERATION LUOPS FOR THE NON=|SUFNFRGET1IC CASE,
124 VARS(ENGR=ENGRO=ENGRU)
GO 70O 130
126 VARS(BLDR=RLDRUBLURN)
130 GU T0 (140,142), Nt
140  DATA(IE,1)=TRBUI
DATA(IC,2)8VAR
CO®*SISITERATION FNR TRBO! SUCH THAT FLGESEHGRN O# ALukaALDEY,
C (NUTE THAT TRROT IS HESIRICTFD Th THE RANGE (TRUFRT,1,0) )
4 ! s
142 CALL ITER(TRHOI,OTRAOT, 1, 0k=8,1,0, VAR, 0,0, Lqukh=S,Jr, ik,
1 TRANIN VARN, ThRNTE VAR USEHY] ,0SGNV L)
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IF(TRBUL=1,0)150,15%0,160
150 GU TO (100,100,200), Ne
Co9800FXTRAPULATION, IF NECESSARY, FUK TERPERATHRE NALL) THAUTL
C SUCH THAT FNGRIENGR) OR HLDNERLDRU,
C
160 IEslf-}
1+ (ARS (UATA(1,2))=ABS (DATACTE,2))) 170,170,140

170 1=}
1182
G TO 390
180 I=z]lt=1
{1=tF

190 RATIUSC(DATA(IL,1)=0ATA(LI, 1))/ (DATA(LIS,2)=DATACL,2))
TRBOIZDAIA(L,1)=RATIO®DATA(],2)

200 GN TO (202,204), NTYPE

202 TREO=XTRAO]
NTYPEZ2
GO TO 90

204 TRRU=IRROL
NTYFES]

CossesEND TRBNI ITERATION LULOPS,

Co980sCUNTINUE THE BASE PRESSURE RATIU (RPR) ITERATION LOUP TU FIND

C HPR SNCH THAT DVAR=O,
Ces88sFUR THE NONSISOKNERGETIC CASF,
DVARES(THEU=TRBU)
GO TO 21¢

Ce8805P0R THE ISOENERGETIC CASE,
210 DVARS(ALURU+BLDORA=BLDR)
214 SIGNESLDVAR/ABS(DVAR)
IF(SIGN) 219,218,222
219 RAPHRAERAPR
GN TU 220
222 UPRLSBPR
226 IF(1BPRe1) 230,230,234
230 DUPR=(BPRK=-BPRL)/2,
GU TO 230
2)4 SIGN=1,0
OBPRE=( (BPR-BPR1)/7(DVAR=DVAR]))SDVAR
238 WPRi=BPR
OVARI=DVAR
Co88%8 ITERATIUN FNR RPR SUCH THAT DVAPSO,
CALL I1TER(BPR,DAPR,] 0F=4,SIGN,UVAR,0,0,1,0E=5,IRPR,NAPR,
1 WPRN,DVARN,gPRP ,DVARP ,NSGNRL ,NSGNH2) .
GO TO (20,20,242), NBPR
Csse88SOLUTION FOUND,
242 GU T0 (250,250,254), NTYPE
CeeessyRITE SOLUTIUN DA1lA,
C
250 wRITE (3,252)
252 FURMATI(//, 20K, 32K SPONON=]lSUOLNENGETIC SNOLUTIUNSSss ,/,
1 20[, J2H 88008803803 0800888000¢0080088083s '/[)
GU TO0 258
C
254 wRITE (3,256)
256 FURRAT(//, 27K, 20K SIS[ISOLHERGETIC SOLLUTLIUNSSS /

1 21X, 268H - 988060339080 8808080080088¢ /)
[ o
298  CALL UUT2d(PHRME,PRE1T,PRUEDE, TRPOL, THRNT, TRUFT,PROLE ,PRITL,
1 ALDH ,ENGK , § ,CP,CO,BLDFII,PENGRU)

IF(NPUNCH) 28S,285,270
Ces00PUNCH SOLUTION .NATA,
260  IF(NPUNCH) 285,245,269

D -t e . R R ) IR .t R e T AR P R P
b PR i e a e i o2 2 P W PP I G Ry PR




IGRCAEAR AR TR At o Tab oV Bab o) 3.0 3 0 e 8 2 D Qin g taad

209 whlTE (7,2617) PROLE, PEIJS, PONHE
207 POUKMAT(ZF)1,4,57,1 1N SOLUTLION, SX, A4 PH/PE 3 FR,$)
GO TO 24V

C
270 RIIESRILI/NE
Co0908CTeeaT/NA (THRUST CUFFFICIFNT),
CT = ((RIIE®82)/7(O0 SCGAMMALS(EMNLF®92)) )0 (PHITEO(L NeGAMMALS
1 trhunl1¢82))=1,0)
CO80 0P UFecaJFT=TijaFHELSTHEAN MOMENTHM $LNX KATIU,
RMF 8 (GAMMALS(FUNLI®02)0(KITR®32)PPRITL)/(GANYARS(LYNLESY))

TS A FOWEEN P\ L L L NEEEEW S W B

A
(o
' wR1TE (7,272) PROIE ,PRI1P ,PRHF,CP,CO,R*F,CT
h 272 FDREAT(2F1),4,5F11,59)
N c
: 280 IF (NCAS! 50, NCASE) wWHITF (7,2H2) (A(1),131,20)
. 282 FORMAT ( 20AG,/7,80HA90004000000490000080009000000000000000400009
- 10640 PP 0030000080090 0889540400400409)
N 285 IF (NCASY .Gk, NCASE) GU TU 290
" o
' . C $38¢8G0 TU NEXT CASEessss
] GU TU 11U
. C
“ 290 CALL BEEP(10,S5)
“ sRITE (5,300)
" 300 FORMAT(LINS,’00 YOU wISH TU MAXE ANOTHFER RUND? YESS) ,N080')
N READ (5,%) IRUN
- IF (INUN ,EQ, 1) GO TO 1V
' END
. COSES00C0ENSE000E0E00008E000000000003 0050080000800 88088080808088000008
N (o
4 SUBROUTINE OQUTIVW(L1,A,bnN1]1,PRIV]L,PRROT,PRAIT,PRUEDL,TRUESL,PRYIE,
- 1 EMNIE,PRIVIE,PRBUIF ,PKBIFE ,EMNE,PREVUE,PRBUL,PRUIE,
2 PRBE,NPRINT ,BLDRU,ENGRU ,NSHAPE ,NRUNP)

C
CSe830SURROUTINE WRITES OUT HEADINGS AND CURRFENT DATA NSED FUR THE

C IuViSCID FLOW FIELD CALCULATIUNS,
C
: ¢ SeSYARLARLESS s
; C
. o 1 2 [=TH VALUE OF THE INPUT HASE PRFSSIURE NATIO,
3 c A 2 HWEADING CARD DATA,
" C
", [ $84 FOR EITHFR STREAM AT (11), (1E), OR (FE=<FREESTRELAM),
C
l (o EMN = MACH NIIMBER,
" C PHFO = PRESSURE RAT1O, PE/PO,
N c PRIO = PRESSUKRE RATIO AT (1), PI/PN,
N C PRRO = BASF PRESSURE RATIU, PR/PO,
. C PRB1 = BASE PRLSSURE RATIU, PRA/PI,
N C
) . C PR1IE & INPUT STATIC PRFSSURE PATIU NF STHEAMS, PVI/PE,
i o TRUEL 8 STAGNATIUN TFAPERATUPE wATIl) OOF STRFEAMS, TOUE/TO0I1,
- C PRUEULs STAGNATIUN PRESSURFE RATIU NF STREA"S, PUE/POI,
» C NPRINTs SEE SUBROUTINE *1InUUTS,
[ ALURU,FNGRO s SPECIFIFD VALUFS N THE RILEFU AnND EVFHGY RATLIUS,
C NSHAPLE 0, N0 ROATTAIL,
C 2 1,2 OR J==<0GIVE, PAKARULLIC, OR CONICAL “OA[PALILS,
C
., DEIMENSION A(2N)
1 IV (MPRINT) 107,107,999
o C
. 99 wRiITL (3,100) (A(J), 085 ,20) ,m0CPP,PRLIE, vaF ], PRIR0OYL,
. 1 PRULPF ,RLURUL,,ENGRE, L
’
)
. B-5
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~ 100 FURWMATCIHL, SA, 2084,3X,94 nkCHP =2 ,11,//, RS
t, 1 15X,S51M4 Seessrs0sTni=SIHLAM RASE PRESSUKE PKUGKAYe®sSstsvsse, //, e
2 27X,25H 8080 CUKKLNT NATACssess, /7, e
. 3 ISX,11H P1I/Pe = F9.4,17X,)1H TUF/TOL = F8,S5,//, E‘*—‘.“
<. 4 15X,11H POE/PO1 = $9,5,17X,15H PULI/PE = FH,3,/7/, g
' 5 15X,94 BLDKU = £12,5, 16X, 9n ENGRO = E12,5,//, Ny
6 22X,31M4 TWIAL RASE PRESSURE RATIO nO, ,14,/, :;:q
T 22X, 31K 86088 $088 2080080¢ 300888 308 ,//) f\:/
g C <.
e wHITE (3,10%) EMNLIL,PHIOL,FRBOT,PRBLT, }
i EMNIE ,PRIDIE,PRHDIF,PRBILE
. 101 FORVMAT(28X,22H S¢S INTERNAL STRFANSSS, //, L
3 1 15X,8H EMNLL = F7,64,25K,10H PLI/POT = FR,0,//, .tli
. 2 1SX,9H FB/PUL = FH,0,23X,9H PR/FLIIL = FH 6,7/, T
w0 3 2AX,22H SSIEXTERNAL STHEAVSsr, /7,
~. 4 1SX,dH EMNIE = F7,4,25X,11K PLE/PULE = FR,6,//, ;
. S §15X,94 PB/POIES FB,6,23X,9n PE/PIF = FR,6,//)
C
WRITE (3,102) EMNF, PREUE, PRRUF ,PRAE
102 FORMA1(30X,1TH SSSFRLESTREANSSS , //, .
1 15X, 7H EMNE = FT,4, 23X, 94 PE/PUF = FB,b6, //,
: 2 15X, 94 PR/PUE = ¥8,6, 20X, 9N PR/PE = F8,6,//)
. c
- IF(NSHAPE) 103,103,108
. C
- 103 WRITE (3,104)
104 PFURMAT(21X,32H ¢¢¢ NO BUATTALL BFFORE BASF ¢s% , /)
i HETURN
. Y
3N 105  wRITE (3,106) NSHAPE
. 106 FORMAT(25X, 27H %9%s BUATTAIL === NSHAPE z 11, 4d ses /)
* C
R 107 RETURN
- END
= S0V 00080FQICINENOIIDEORSEICIEENOPININRUNEsIEstORNENENRssetsosINS

SUBRUUTINE INOUT
$2888SURROUTINE READS IN THE INPUT DATA AND THEN CALCULATES THE INPUT

NATA FUR THF MASTEK PRUGRAM, THE IDENTIFTCATION, HEADINGS AND
INPUT ODATA ARE THEN WwRITTEN OUT,

SeSVARIABLESSSS

FOR EITHER THE INTERMAL (1) OR EXTERNAL (E) STHEAM

BETD1 = FLOw ANGLE (IN DEGREES) AT (X1,R1), CCe IS POSTIVE,
( BETNIL 1S (¢) ANO RETO2E [S (¢/=) ).

~ BETD2E 3 INITIAL AFTERKODY ANGLE AT (X2E,R2E), .
BLORD = SPECLIFIED VALUE OF THE BLEED RATIU,
BLMTFE & EXTERMAL STRFAM BUUNDRY LLAYFR MOMENTUM THICKNFSS i
BLMT] = INTERNAL STREAM BUUNDRY LAYER MAMENTUM THICKNESS 3
ENGRO = SPFCIFIED VALUE OF THF ENEPGY RATIO,
ENNE ® LXTERNAL FHLESTRLAM MACH NUMKHER,
£MS11 s MACH STAR AT (11D,
GAMMA = RATIO OF SPECIFIC HFATS, :

- GC 8 GAS CPNSTANT  (LBF=F1/LK"=R}

5 INDPT ® 1, INPUT 1S KEAD FkNM NAMELIST NATA

T 2, LINPUT- IS [LPUT AT TEKMNINAL DURING PROG, FRPCUTION
KPRESKH = 0, PRIIP 15 INPUT, AND PuOIF 15 CALCULATHY,

ANANAANANNAANONNNAANAANNANANANANNN NN

1, PROIF IS INOUT, A, FRITE 1S CALCHLATED,
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NCASE = NUMRF@ UF PRESSUKE RKATIUS, PILI/PF , FUR aWICH BASE
PRESSUKRE CALCULATIUNS AKF TO AE %ADE FOR A GIVEN SET UF
CUNDITIUNS AND GECOMETRY,

NDEFLT 3 0, THe VARIAWLES AKE RESET TO THE SOEFAULT CUNFIGURATIUN® F

AFTER THE CASE (SFT UF PHESSURE KATLIUS) [S CUMPLETFU, o
= 1, THE VARIAMLES »ILL NOT RF FFSET AT UPUN CUMPLETION
OF THE CASE,

NUTE ==« CHANGING THE VALUF OF SHEDFLT® wllLL FIRST AFFECT THF
CASE SUCCFFDING THE CASE IN wHICH IT IS CHANGED,

NPUNCH = 0, SUMMARY UUIPUT UDATA NUT PHNCHFD,

NPRINT = =1, INPUT DATA AN HASF PRFSSURE SOLN FRINIED,

NSHAPE = 0, NU AFTERRUDY,

= 1, OGIvVE BOATIAIL.
% 2, PARABOLIC ROAITAIL,
x 3, CONJCAL BUATTALL UK FLARE,

PRIIE = STATIC PKRESSURE KATIU uUb STRFAWS, P11/PF,

=
=

Eag:_..

'-'W'

PRUEOQ] STAGMATION PRFSSUKE RATIU OF STREAMS, PUE/PN],
PRUIE INTERNAL STHEA® STAGNATION PRESSURE TU EXTHERNAL STREAA
STATIC PRESSURE RATIN (NOZZLF CHAAHER TO FHREESTREAW
STATIC PRESSURE RAT1U), PUI/PE,
HECOMP = RECOWPRESSION COEFFICIENT =0,0
NUTE ==« IF THE INPUT VALUE OF RECOMP=N_ 0 ,AND,
1) NSHAPESO, THEN RECONP IS CALCULATED FROM
EMPIRICAL EQUATINN UN CARD NGO, INQOU261)0,
2) NSHAPE31,2,3, THEN RFECUMP 1S CALCULATED FRUM
wHITE'S EMPIRICAL CURRELATUON
AASED UN FFA DATA
DELTA = BOUNDARY LAYER THICKNESS
SIGMF1 3 FACTUR FOWR SIGMA~]
SIGMF2 = FACTOR FUR SIGMA~E
NRCoP = 0 EVPIRICAL RECUMPRFSSIUN CUEFFICIENTS
dHETF RESPECTIVELY
2 1 RECOMPRESSION CRITERIUN AFTER PAGE,APPRUXIMATED BAY
KURST
2 2 CORRECT PAGE CRITERION, CALCULATED ITERAT(IVELY
(XPAGE = PRESCRIBED FRACTION UF TJNL2 FUR DEFINING
RECOMPRESSION BEGIWN)

OPIGIN SHIFT APTFR HILL (NRLEFD,GT,0)

ORIGIN SHIFT SUPPRESSED

RDSIGN 8 STING DIAMETER FUR NOJET-CASF (PrATIUZ0)

SEPHIS & ZUKOSK] CONSTANT

TRUEY1 = STAGNATIUN TEMPERATURE PATIO OF SIREANS, TOR/TOI,

R1,R1 = CUOURDINATIES OF POINT wHbEKF. SEPANATIUN UCCUKS,
(R1'S ARE POSITIVE)

X25,R2t8 INITIAL COURDINATFES OF THE AFTERRUDY,

= 3 UNERA ANGULAR REATTACHMENT CRITERIUN
) ® 4 ONERA CRIT, MOUOLFIED FUR TWU STHEAM REATACHMENT
g = S5 AS 4, BUT SECOND ORDEN CORKECTION FUR PH]ID
g 2 6 AS &, BUT NUNLINEAR TREATNENT (RECOYP3t, NECESSARY)
. NSTGMA = 0 SIGMA AFTER KORST AND TRIPP
. ® | SIGMA AFTER CHANNAPRAGADA
NSHIFT = 0 GRIGIN SHIFT AFTER SOLIGNAC AND SIRIEUX (NALFEDL,GT,0)
| I |
z 2

SSsSPRESSURE RATIO NUTATIONSS®

ANANANANANOANNANaNANNDANNANCNNANANNANANODNONANAANAONNANANANANANNANAONNNNAANADANAN

PRIOL = P1)l/PUL, Prile = PYI/PE, PROLE = PIIl/PC,

PRITIIE = P11/P\F, POIEl] = POLE/PUL, PRIULFE = PLIF/PULE,

PRUIUE = POIE/PNE, PREUE 3 PF/PDE, FuJrul s POF/PHT,

PRBIE 3 PR/PIF, PHROLE & PEAPDLE, vl 3 Bu/ptil,

PHRUL = PH/POUL, Pkhe 8 Pr/VE, PHlEE 3 PR /PE,
B-7
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?; CN<MON PR, CHAKI, CHAKEF, P1, P2, P} :“iﬁ
e CUMMON  ZDATAION/ GCI,GAMAL ,FmSIT x11,#11,6eTALL, e ate

e ;
A
.

GCL,GAMMAE ,FuSIE, X1F,FHIF, 86 TALE,PRNIVE,
TROFL,PRILE , HeCOUMP A, EMNLT,PRIDT,FYNLE,PRINGE,
NPPINT ,NCAST ,NCASE ,BLDRU,FNGRO, WL ,EUNE ,PRPOF,
NPUNCH,PRUFRN] ,PRUIF,PNILUL,NSHAPE ,NPTSH ,PRITIE,
NDLFLT,BLMTF,BLFTI
COMMON /C»1/COBT , XFIX,HFIX,NSE} ,SEPRIS XTEST,EFE,SEPR,DELTA
CUMMUN /CwW2/X2E,R2€E
COMMON /Cu3/SIGMF1,S1GMP2,NHCPP,NSIGHA ,NHLEFD, XPAGE ,NSHIFT, THRSLP
1 JRECHP] ,RECHP2
CUMMON /ICROS/ICRUSS,RPR
DIMENSIUN P®B(100,5,2), CHARLI(S,30), CHARE(S,30), P1(S), P2(%), IR
1 P3I(S), A(20) N
EMNMSF(EMS ,GAMMA)ZSURT(((2,08(EMS882))/(CAYMASEL N))/ CT
- 1 (1,0°((GAMMA=] ,U)/(GANNASL,0))8(EMSeE)) ) . RN
- EMSMNE (LMN ,GAYMA)SSURT((0,5%(GAMMALL N)S(FUNSS2 )/

P Sy g .
'})J-\
[T 3 W SR

o "
Far

<,
.

n j} (1,000,506 (GAMMAS] 0)P(FHUNS®DQ))) R
’ PRUNF(EMN,GAMMA)E( 1,04 ((GAMMA=] 0)/2,0)9(F"1S82))es ]
. 1 (=GAMMA/(GAMMA=]  0)) - q
g IF (NCAS1.,NE,0) GU TU Bu .
. GCEZ%3.35 ]
‘ GAMMAESR] 4 5
RECUMP=0,0 L
NPUNCH=O r
) NPRINTR=] R
i ALDROZ0,0 o
ENGRO®0,0 -
S1GMF1=},0 tﬁf;
SIGmF221,0 SR
NSH]1FT=0
NAMELIST/DATA/NPRINT ,NSHAPE , X1E,RI1E,X2E,R2E,RETU2E, EXNE,
1 X11,R11,BeTO11,GCY,GAMMAT ¢ NL],TROEL,KPRESR
. [of S0800PC00S0PSES0R2CESCRBETORIPENEIEtEPsINEIEEEINSOISOIOIRETRS
2 C INTERACTIVE INPUT OF DATA
C

.. wRITE(S,71)
. 71 FORMAT(SX,'FNTER INPUT UPTION CHUICE, 13fILE 2=TERMINAL®Y)
READ(5,72) INOPT
72 FORMAT (11)

K WRITE(S,59)
R 59 FORMAT(1H ,*ENTER NRCHMP RECOMPRESSINN CHOICE',/,SK,
- 1°02 EMPIRICAL RLCOMP COEFF AFTEP ADDY DR wHITE',/,S%,
l' 2'1= XORST APPROXIMATION UF PAGE CRITFRION',/,5X,
-~ J*2s CORRECT PAGE CRITERIA CALCULATFD TTERATIVELY',/,S5X,
4'3m UNFRA ANGULAR REATTACHMENT CRITFRION?,/,SX,
5948 ONERA CRITERLA MODLIFIED FOR 2-STREAY WEATTACH',/,SX,
6'Ss AS 4,SECOND URDEM CORRECTION FOR PHID®,/,SX,
7'6s AS 4,NONLINFAR TREATMENT (HECUMPE1 N#C,)"')

READ (S,13) NRCHP

IF (NRCNMP,NE,0) GO TO 7

+
»

» WRITE (5,9)
T S FORMAT(LIN ,'ENTER RECUMP')
READ (5,6) RECONP

[ FORMAT(FO,.4)

10 FORMAT(20A4)
. 13 FORMAT(AF10,4)
T 12 FORBAT(IH ,PXXXXX XXXX')
Y 1) FORMAT(11)
" 14 FORMAT(IN ,'ENTER ALPRANUMERTC HEADING = 70A4°)
Ny 7 CONTINUE

1

3 wRITE(S,14)

g READ(S,10) (A1), 021,21)
-

-

£

~
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21
22

24

23

26

27

20

29
49

33

BRI A A e S A o e e A eA G A A A A M A A i A et g b ot el ke e
R AEIa) B AA AL AL AL At o T,

»RITR(S,H8)

PORYAY (IH ,'er TR NSHIFL')

REAT (S,9) NSHIFT

FUOR“AT(]1}1)

IF (INUPT FU,1) GU TU 70

88000008 INPUT e XTANAL PARAPTIRSIS S35 08800000000 00000080

FORMATCLIH ,'AFTERKUNY SHAPE PARKANETERSS')
PORMAT (1IN 0 = CYLIRDRICAL ARTERUODYY)
PORMAT(IH ! 1 = OCIVE HOATIAIL')

FORMAT(LIH ,° 2 = PAKABULIC HUATTAIL')
FURMAT(IN ,° 3 « CONICAL ROATTAIL R ¢1ARE')

FORSAT(IH ,'ENTEK AFIEKRRODY SHAPE PAKAMITER « |1')
wRITELS,15)

wRITE(S5,16)

wWRITE(S,17)

wRITE(S,1H8)

wRITE(S,19)

wRILF(Y5,20)

READ(S,13)NSHAPE

FORMAL(IN ,'RUDY AND NOZZLE DIMFNSIIINS ARE RELATIVFE')
FORMAT (1IN ,*THEY CAN 8k INCHES, FLET, DR CALIBERS')
FORPAT(IN ,'"X" DIMENSIONS ARE PUSITIVF AFf?)
WRITE(S,21)

wk1TE(S,22)

wHITE(S,2))

FOPMAT(1H ,'ENTER *X* AT BODY BASE')
WKITF(5,24)

WRITE(S,12)

READ(S,11)XI1E

FORWAT(IN ,'ENTER RADIUS AT RODY BASE')
WHRITE(S,25)

WRITE(S5,12)

READ(S,11)RI1E

1F (NSHAPE,EQ,0) GU TU 49

FORMAT(IHN ,'ENTER "X" AT START UF BOATTALIL')
wRITF(S,26)

dR1ITE(S,12)

READ(S,11)X2€E

FORMAT(IH ,'ENTER RADIUS AT START 0OF ANATTAIL')
wRITE(S,27)

wRITE(S5,12)

REAN(S,11)R2E

FORMAT(IN ,*ENTER SLOPE AT START OF HUATTAILIL = VFEG')
WRITE(S,208)

WRITE(S,12)

READ(S,11)RAETN2E

FORMAT(LIN ,'ENTER FRFE STREAM MACH NUMBER')
WRITE(S,29)

wRITF(%,12)

READ(S,11)FNNE

20809808080 NPUT INTEMNAL PANANFTIRSSSCS 553000880500 080000800
FORMAT(IN ,'ENTER °X" AT END UF MNUZZLF')
sRITE(S,30)

sSRITE(S,12)

PEAD(S,31)X11]

FORMAT(IN ,'ENTER NOZZLE EXIT RADIUS')
wRITE(S,3])

wRITE(S,12)

REAULLS,11)R1TS

FORMAT(IN ,PENTER NUZZLE EXIT AnGLE = DEG,')
wRITE(S,3))

wRITELS,12)

READ(S,11)nFTDYL

. ('A"y‘n
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4 FORMAT(IN ,'ENTEK LUZLLE GAS CUSTAMT « | HF/LN4 RY)
35 FORMPATC(IN 0 53,34 FUK AlK'Y)
WRITE(S,34)
wK1TE(S5,35)
wRITE(S,12)
KeLAD(S,11)GC]
36 FORMAT(LHW ,*FNTER NUZZLL GAMVA = 1.4 FUK ALR?)
“RITE(S,)6)
wRITE(S,12)
READ(S,11)GAmnA]

3?7 FOUMAT(IN ,*ENTER NOZZLE EXIT MACH NUNKFR')
WRITE(S,37)
»RITE(S,12)
READ(S,11)FwNLIT
38 FURMAL(LIN ,*ENTER EXTERNAL TN JINTERNAL STRFEAM STAGNATIUN')
39 FORMAT(IH ,'TEMPERATURE RATIU = TOE/TNLY)
wRITE(S,38)
»RITE(S,39)
WRITE(S,12) .
READ(S,11)TRUFI
40 FUKRMAT(IH ,'ENTER NUMBER UF CASFS « I1')
79 wRITE(S,40)
READ(S,13)NCASE
IF (INOPT,EuU,1) READ(4,DATA)
If (INOPT,EQ.1) GO 10 79
41 FORMAT(IH ,' ENTER TYPE OF PRESSURFE RATIO INPUTY)
.2 FORMAT(IN ,° 3 FOR INTERNAL STAGNATIUN/EXT STAPIC PRESSURE')
43 FORMAT(IR ,° 0 FUR INTERNAL STATIC/EXTERNAL STATIC PRESSURE')
WRITE(S,41)
WRITE(S,42)
wRITE(S,4))
READ(S,13)KPRESR
44 FORMAT(IH ,'ENTER POJ/PF')
4 FORMAT(LIH ,'ENTER PJU/PF')

Ce980sCALCULATION OF PROGRAM DATA,
79 KETALLE 0,0174%532%BETIDIL
EMS1] 3 EMSMNF(EMNL],GAMMAL)
PR101 = PRMNF(EMN]1],CANNMAYL)
011 & 2,0¢R11
DIE & 2,0%R1E
X1IDIE = X11/D1E
EMSE 8 FMSMNF(ENNE,GANMAE)
PPEOE = PRMNE (RMNE,GAMMAE)
RIEL 8 RIL/NIE
IF(NSHAPF . NE,0) GO TO Seo
CoesSeUNIFORM ELATERNAL FLUW wlITHUUT AN AFTFRAODY,
RE s RIE
EMNIE 8 EMNE
EMSIE B EMSE
PRI1OIE = PREUE
PROIUE s 1,0 .
GO TU 62
COSS99AFTERBUDY MEFURE THE EXTERNAL STHREAM'S SEPARATION PUINT,
50 BETA2E20,0174532*8FTD2e
CALL ABTS(CAMMAE ,EMSE K28 ,R2E ,RETAE ,XLE ,RIE,USHAPE,
1 1 NPTSE ,NERRUN ,,CLHBT)
Co8080SET-UP NATA FNR EXTERNAL STHEAM'S SFPARATIUN POLNT,
XIESCHARE(],1)

g

L S L A
BEDRDAOADROS "/

B AK

CVTER T

RIFsCHARE(2,1)
EYSIL = CHARE(D,))
EMNIE ® LMNMSH(FUSEE,GAnAL)
- AFETAIE & CHANE(G,])
. HBETDIE = 97,2957 79Sons LANR
.
4
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PRIQIE 3 FRwAF(EMYIE ,GAMNMAL)
PROLVE=] 0
+E = H2L
V2t & 2,00R2CE
XA2ED2L 3 X2E/702C
APD2F = X1E/DE
DRIE2E = DIF/02L
Co0889pLCOMPRESSIUN CREFFICIENT DRTEPNIMATIUN,
62 IF(RECUYP,GT,1,0E=03) GuU TU 80
TF(NSHAPE NE,0) GO TU o4
Coess3EOR CYLINDRICAL AFTFREROLIES,
RECUMP = 483 ¢ 1,0H6ORIEL = O ,P74%HTEL¢02 ¢ 0,30)0R[F]108]}
GU TO @9
CossesFNR BOATTAILED AFTERKODIES,
64 RATIOZ (RIJ/RIFIZ((I0,0-BETNTL)/7(20,04RETL2E))
SHETAS BLTI2E+BETOL]
EuMz =0 1HT75¢SHETA+0,5S
. IF (SBETA,LT,=R,) EMME=D,57S8SHFTA=2,55
IF (SHETA,CT,=4,) tMMze0 ,03750SHETASL,IS
RECOMPS EMNSRATINGO,%
C
80 NCAS] = NCAS1 + 1
CesssyTRANSFER UR READ NEw CASE DATA,
C
IF(XPRESR,GT,0)G0 TOU 82
CALL BERP(10,5)
wRITE(S,45)
WRITE(S,12)
READ(S,11)PRATIO
GO 10 RA
82 CALL MHEEP(10,5)
SHITE(S,84)
wRI1TE(S,12)
KEAD(S,11)PRATIU
C
88 I1F(KPRESK,NE,0) GO 10 90
CesessFOR PI1/PF (PRIIE) INPUT,
PR11ESPRATIO
PRNIE=ZPRILE/PRIVE
GO 10 92
CsesseFUR POI/PE (PRUIE) INPUT,
90 PRUIE=PRATIO
PRI1E = PRULLSPRIOIL
Ce89¢sCALCULATE VARIUUS PRESSURE RATINS FRUM NFw CASE DATA,
92 PRUFUISPRICI/(PREVESPRLIE)
PULEUIZPRUFOTISPRUIOL
PRIJIE=PRIOL/(POIEOI*PRIOILE)
PRIEE2PRIDIESPROLINE/PREDE

wRITE(S,46)
- 46 FORMAT(LtH,'"ENTER BOUNDRY LAYFN PUMENTIIR THICKNESS AT BODY RASE')
wRITE(S,12)
READ(S,11)BLMTE
. WRITE(S,47)
g 47 FORMAT(LIN,*ENTER RUUNDRY LAYFR mUMFENTUM THICKNESS AT mNUZZLE EXITY)
. WRITE(S,12)
- READ(S,13)9LnT)
- CosssspPRINT CASE DACA,
wRITE (3,94) (A(J),1m:1,20), NHCu4P,NCAS]
94 FORMAT(IMY,S5X,20A4,2K,° NRCUMP=', 11,9X, 1SHPRIHLES VINKEK [3,//7)
¢ .
IF(NSHAPE.EW,0) G T 180
GO TO (100,120,140) ,8SHAPL
¢
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C

100
110

120
130

140
150

160
170
1

2

180

190

OCEDVT VDD Wi

200

c

c

C

CeeosoprxISYMMETRIC CONSTANT PRESSURF RUUNDARY SURPROGRAW (ACPBS),

NanANNANNAKNANHNNAN

{._‘..':*.': -

1
2
)

210
1

1
FORMAT(10X,41H ¢¢88TwU=STHEAM BASF PRESSUKE PNOGRAMsE®ss ,S5), .

wkiTE (3,110)
FORMAT (29X,21n *000GLlvE BUATTAIL®*SS //)
GU TO 100

#RETE (3,130) o
FORMAT (27X ,2%H SOopPARABULIC BUATTAILS®® /77) -
GU TU 1bv

wRITE (3,150)
FOR®AT (20X,234 982CONICAL HBOATIAIL®es //)

wRITE (3,170) K2E, K2E, KETH2E, E®NE, CDWT, PRILL
FORMAT (15X,6R X2FE= ,06,.3,7X,hH R2E= ,F6.,3,9X,14H KLTA2E(DEG)E ,
F71,3,7,15K,8N EnuNE = ,F7,4, 4X,84 COBT = ,Fe.3,
TX,9H PLE/PE = F1,5,77)

wITE(3,190) NCASY,GAMMAL,GCY, X11,R11,BRTDLI,EMNIL,ENSIT,PRIDT,
GAMMAE ,GCE ,XIL,RIF ,RETDLE,ENNIF ,ENSIE,PRIVIE

10H PROB, NO, 14,/,4X,23H $9s898INPUT DATASSSSse,/,
20X,22H ¢S INTERNAL STREANMSes, //,

19X, 94 GAMuAL= FS,), SX,16H GAS CONSTANT = F7,2,11H LB=FT/LB=~R,
7 J15X,06H X1lm F6,),7X,6H RiTx F6,3,9X,144 BETAII(OEG)® F7,),/,
1SX,8H EWNIT 3F7,4,6X,8H ENS1] aF7,4,6X,104 PLI/POL 2¥7,S,
2,2R%,22H CSSEATERNAL STKEAMSese, /,

1SX,9H GAMuAFS FS,3, SX,10H GAS CONSTANT s F7,2,11H LR=FT/LA=R,
/7 +15K,6H X1ts Fe,),7X,6H Rits F6,3,9X,14H BEIALE(VEG)® F7,3,/,
15X,0H EMNIE =F7,4,4X,8H EMSIE =F7,4,6X,31H PIE/PULE =F7,5/)

wRITE (3,200) PR11F, TROELl, ALORO, ENGRO,BLMTE,BLMT]
FORMAT(21X,36N 888333 3ASE PRFESSURE CASE DATASSsSess, /,
1SX,118 PI1/PE = F9,4,17K,10H TOF/TOL = F9,5,/,
15X, 94 QILDRO = E12,9%, lbl, 9% ENGRO = !'12.5./
15X, 9H BLMTE = E£12,%, 16X, 9H BLMATI = E12,5,/)

wk1TE (3,210) RECUNP
FORMAT( 10X, 3I2H ®SSRECUMPRESSIUN CUEFFICIENT = FS5,3, JHees, /,
1SX,51H 6008500050000 008555008808898088088200000000000008 /)

RETURN
STUP

END
SUVINEOS8052000C0300000000B880B08CEIRNSENCESITICOCNRISISIESSIESTNTS

SUBROUTINE ACPUS(GAMMA,EFrS]1,PRATIO,XCO,RCU,BETAQ,RLMT,NCALC,NPTS,
NPRINT ,NFLOw,NRPTS,BPTS ,NSHAPE)

INTERNAL FLOW (NFLUw®]) e== UNIFURM OR CONICAL SUPERSUNIC FLOWw,
CALCULATIONS ARE FUR THE SLUwWER=HALFS
OF THE FLOw® FIELUL,

EXTERNAL FLOV (NPLNWRZ) === INITIALLY UNTFOURM SUPERSUNIC FLUw,
CALCULATIUNS ARE FOR THE SUPPLR=HALFS
0OF THE FLOw PIFLO,

NOTE === INPUT ANO OUTPHT DATA ARL FOK THE SUMPPFReHALF® UF FLUW
FIELD, PME ADJUSTMENT OF THESE DATA FOR FHE CALCHLATIHNS
1S MADE INTERNALLY,

SURAPRUGRAM REQUINES=oehHUTPUT  FRSKRIN ,IFLUC, CMFLIC,FPS,APS,CknS,
MCOATA INITHY ,TEST,
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A

R ENES]
XA

L ".. A
2 LSS

a e

SSSVARTAHLESS S

;

GAMMA = KATIO UF THE SPECItIC HFATS,
FuS] = INITIAL MACH SIAR AT PULINT 1,
PRATIO2 ELXPANSION PRESSURE PATIO (P/PN),
xCo g LUNGITUDINAL CUURDINATE aHEHE EXPAASIUN (S CE4TERED,
RCO = RADIAL CUURDINATE wHERE EXPANSION 1S CENTHRED, PUSTIVE,
HETAD = FLUW ANGLE, RADIANS, AT (XC1,KRCrN) FUR INTERYAL FLODW, PUS,
PLMT = LIMITING VALUE UF THE RAULUS FUR TERMINATING CALCULATIUNS,

(MAX, R FOR INTERNAL FLOn AND MIN, R FOR FXTERNAI FLUw)
NCALC 3 CURRFENT CALCULATION NUMREK

2 1, THE INITIAL CHARACTERISTIC PATA 1S CALCULATED,
oGTols INITIAL CRAR, DATA TARFN FROM NNE UF THFE STORED AKHAYS,

NPTS = AU, OF PUINTS OR JNCREMFNTS UN INTTIAL IT=CHARACTERISTIC,
NPRINT2 =) OR 0, C,P.H, DATA NUT FRINTFED,

¢, C,P.R, DAIA PHIMIED,
NFLUW & 1, INTERNAL FLUw,

CiA)
AP
e K

LA

.l 'n e Te e
.

o

.d

4
0)

»

R

nANNNANNNNANNANNNANANANANANNAANNNANNANN
rnF]gA
LI N

2, EXTERNAL FLUw,
NHPTS = NUMRER OF RUUNDARY POINTS CALCULATED,
BPTS = BUUNDARY PUINT DATA ARRAY, A=1,LINLT,
PMA, CHARL, CHARE = ARRAYS FOR WETHOD UF CHARACIERISTICS,
$48NUTPUT DATA (IN URDER)®®s
INPUT DATA TU ACPHS
PRATIO= EXPANSION PRESSURE RATIO (P/PO), P
EMN2 = MACH NUMBER ALUNG BOIINDARY AFTER EXPANSION, l;ﬁ
EMS2 = MACH STAR ALUNG BUUNDANY AFTFER EXPANSION, A
X = LUNGITUDINAL COORDINATE UF BUNNDARY POINT, At
R 8 RADIAL CUORDINATE OF BOUNDARY POINT, .
THETA 8 LOCAL FLOw ANGLE AT BUUNDARY POINT (IN DEGREES), R
DIMEKSIUN PMR(100,5,2), CHARI(S,3n), CHARE(S,30), P1(S), P2(5), aa
1 P3(5), RPIS(S5.30), SIGN(5) '
COMMON PMB, CHARL, CHARE, P1, F2, P} -z
Csoses INPUT DATA, SOMFE OUTPUT DATA, AND COLUMN HEADINGS ARE PRINTED, T
CALL OUTPUT(GAMMA,£MS),PRATIO,BETAO,NPRINT,MFLUW) ey
CeesssSET INPUT OATA FOR THE FLO® FIELD CALCULATIUNS, S
GU 10 (2,4), NFLOwW e
2 RCz=RCO Ny
XCsxCO ,-\.
BETAS~BETAU -
GO TO o FE§
4 NC=RCO s
XC=xCO Lo
BETASAETAU A
& CONTINUE .
Co0es0SET SIGNS FOR CUNVERTING UUTPUT UATA TO THE SUPPER<HALF® RO
c UF THE FLUw FIELO, L
c :
0U 30 usi,5 E;F

GO T0 (10,20), NFLUw
10 SIGN(Nn)s(=} 0)%8(Nne})
Ga 10 30
20 SIGN(NM)s1,Nn
30 CONTINUE
CPISOSTHE MAXI[MUM NUMKER N¢ ¢ AMILY { CHARACTFRISTICS FilR aW1CH
(o CALCULATIUNS ARE ®AUE 1S SPECIFIFD HERE (MAX, LIMIT IS 30),
(o
LiIniT=30
CSOOSOTHE INLTLIAL JI=CHAR, IS NUN SUKMDNIVIOED AL THE P40 T&L CHAR,
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C NPATA CALCULALFD (4aa, Fu, BF THCrESENTS 2 29),

TF(HCALC=1) 9Nn,50,110
50 G TOU (A0,90), LFLUW
COsesoFR INTENNAL FLU» b LELE,
6t 1F(ABS (BETA)=] VUE=4) T0,70,H0
Cee88eFUR UNIFURM §${.0m,
Tu CALL UFLOC(GAMMA , F¥SE ,XC,RC,NIPTS,CHART ;K1)
G TU 110
Ceesssp R CUNICAL FLUw,
RO CALL CNFLOC(CAMMA , EFSL, heTA,XC,RC,NPTS)
GO 10 110
COS8S R LXTEMNAL FLOU# FIERLD,
90 1F(MSHAPE) 96,96,100
Ceoo0sFUR UNLIFURP EXTERNAL FLUOW WLTHOUT A BOIATTALL,
96 CALL UFLUC(GAMMA,,ENSS] ,XC,RC,LIN]IT1=1 ,CHARE ,HFLUW)
NPTSELIMIT
GO TO 310
Cee89sFUR UNIFURM EXTERMAL FLUW WITH A HUATTAILL,
100 LIKIT=NPTS
CO9880THE PRANDTL-MEYER EXPANSION AT (XC,RC) 1S NOw SUBOIVIDFD,
110 CALL PHSRR(GAMMA ,EMS] ,PRATIOD,NETA,XC,RC,K)
Cesssoxl 1S NUMHER OF FAMILY 11 CHAR, FOR SURDIVIUED E£XPANSION,

Kt = K ¢ 1
CeeeesSTURAGE UF INITIAL BOUMNDARY PUINT DATA,
HHPTSSY

DU 120 m=3,4
120 RPTS(NM,1)SSICN(M)IPMA(K]L,N,))
CoonssTHE INITIAL BOUNDARY PUINT DATA IS PRINTED.
CALL QUTBLY(L,NPRINT,NPTS)
CoseosTHE FLUm FIELD CALCULATIUNS ARE NOW MADE ALONG FA4LILY 1 CHARS,

C STARTING FROM THE INPUT POINTS UN THE SURDIVIDED INITIAL

C FAMILY IJ CHARACTEKIS1ICS TO THE BUIINDARY, THIS SEQUENCE IS
C NOT APPLICABLE FOR THE FIRST AND SURSEQUENT AXIS PUINTS,

C

DL 180 N=2,NPTS
CesososLOAD INITIAL FAMILY 11 CHARACTERISTIC DATA,
DU 150 m=], 4
GO TO (130,140), NFLOW
130 PMB(1,M,2)8CHARTI(M,N)
GO TU 150
140 PMR(1,%,2)sCHARE(N,N)
150 CONTINUE
Ce298sCALCULATIUNS ARE FOR THL CURRFENT N«TH POINT ON THF INITIAL
c FAMRILY 11 CHARACTERISTIC,
C
nY 160 L=} ,K
Co898sCALCULATIUNS ARFE FOR THE CURRENT LeoTH FEXPANSION [NCHEMENT,
Co8s0sLOAD DATA/ FIELD PUINT CALCULATIUN/ STURE OATA,
CALL MCOATA(I,L,L*3,LI, KPTS)
CALL FPS(GAmMMA, PL, P2, P3, MERRIN)
IF(NERRUR) 270,354,154
154 CALL WCDATA(2,L1,L2,L¢1,KPTS)
160 CONTINUE
CsesospLL FIELD POINTS UN NeTH FAMILY | CHAR, HAVE AFEN CALCULATEL,
Cees08L,0AD DATA/ BOUNDAKRY POINT CALCULATION/ STORE DATA,
CALL MCOATA(S K¢l ,h01,L),KPTS)
CALL CPHS(GAnMA, P1, P2, P3, NERRUR)
IF(NERROR) 270,104,164
164 CALL Fcolfl(z.bl.bz,l‘z,ﬂ?fﬁ)
WUPTSENBPISel
DO 170 nu=l 4
170 BPTS(M,N)SSIGN(N)OPI(»)
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COSes8CHARACIFRISTICS DATA SHIFT,
CALL MCOATA(I,LI,L2,L3,k¢2)
Ce*O800THE CURREMNT BUUNUARY PUINT DATA 1S Nuw PRINTED,
CALL OUTHOY (N, NPRINT,BPTS)
CALL TEST(HLMT , NSTHT , NELOW,N,HPTS)
GU TO (160,260), NSTMT
C*8888ALVANCE INDEX FOR NFX1 INPUT POINT NN INITIAL CHARACTFRISTIC,
180 X3Ke}
GO TO (190,260), NFLOw
C$9898TH]S SEUUENCE APPLIES ONLY TO THE INTERNAL FLO4 #HEWRE THE AXIS

C POINTS ARE CONSIDERED,
CO¢08O0THE NUMHER OF PHINTS TU RE CALCULATED ALUNG BACH FAMILY 1 CHAR,
C 1S NUd CUNSTANT AND GIVEN RY K3,
C
190 Xi=zKe}
KPTS=Klel
NENPTS
Ce0888THF ELEMENTS IN THE N=TH CULUMN UF THE PMH ARRAY ARE SHIFTED
C DUWN UNE ROw TO SET-UP THE CALCULATIUN SEQUENCE,
C

DU 210 L=t,K}
LY = Kil=L¢}
D0 200 m=},4
200 PHBILLEICL, M, 1)ZPMB(LLI,M,]))
210 CONTINUE
Ce88s8THE CALCULATIONS ARE NOW MADE ALUNG THE (N+1)<=TH FAMILY I CHAR,
220 NzNej
Ce88¢0L,0AD DATA/ AX1IS POINT CALCULATION/ STORE DATA,
CALL MCOATA(3,3,2,L3,kPTS)
CALL APS (GAwmA, P2, P3, NERRUR)
IF(NFERROR) 270,224,224
224 CALL NCUATA(2,LL,L2,1,KPTS)
CO0808CALCULATIUN OF RFMAINDER OF FIELD POINTS ON N=TH FAMILY 1 CHAR,
DO 230 L=2,K1}
Cses0s ,UAD DATA/ FIELD POINT CALCULATION/ STURE ODATA,
CALL MCDATA(C1,L=1,L+1,L3,KPTS)
CALL FPS(GAmMA, PI, P2, P3, NERKOR)
IF(NERROR) 270,220,228
229 CALL “COATA(2,L1,L2,L,KPTS)
230 CONTINUE
Cses6s,OAD OATA/ BNUNDARY POINT CALCULATION/ STORE DATA,
CALL MCOATA(1,K1,K1+1,L3,KPTS)
CALL CPBS(GAMMA, P1, P2, P), NERRUR)
IF(MERROR) 270,234,234
234 CALL MCDATA(2,L1,L2,K1¢1,KPTS)
NBPTS=NBPTS+1
DD 240 n=), 4
240 PPTS(M,N)SSIGN(N)PI(N)
COSessCHARACTERISTICS DATA SHIFT,
CALL MCDATA(I,L1,L2,L3,APTS)
COs08sTHE CURRENT BOUNDARY PUINT DATA 1S PRINTFD,
CALL OUTBUY(N,NPRINT,BPTS)
CALL TEST(RLMT , NSTMT ,NFLUW,N,BFTS)
CU T0 (29%0,260), NSTnT
Coe8osCOMPARISON wiITH LIMITING NUMRFER UF FLUW FIELD CALCULATIUNS,
250 1F(N=LIMIT) 220,200,200
Ceooso1F NEGATIVF, CONTIwUE CALCULATIUNS,
CoosesIF ZERO OR PUSTIVE, RETURN Tu MASTFER,
260 CONTINUE

270 RETURN
eND
SURRUUTINE CRNSS(GAMMATL ,HPTT, LISITI , GAPMAF ,UPTE , I, TAlTE,NIC, w0,
1 NSTUP L IJMLT, TIPS ,PREHOE ,WBRINT)
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$8000THIS SURRUUTIVE CALCUIATES THE I*HFINGEMFNT POINE IF THE
SUPFRSUNIC INTERNAL (1) AND EXTEKNAIL (F) SCRLAMS,

SUHRUUTING REQUIFLS===PRSHA,SLIP,

BPTI(M,N) AND BPTE(M,N) ARE RNUNDARY POINT OATA ARRAYS WHERE
Ms1,4 ANMD INDICATES VARIARLE AS IN PMR ARRAY,
N=J,LIMIT]I UR LIMITE JNDICATES THE HUUNDARY PUINT,

C

C

C

(o

c

(o

C PoOVAKIABLES S

(o

C GAMPAL 3 RATIO OF 1HE SPFCIFIC HEALS FOR 1HE INTERWAL STHEAN,
[« HPTI = INTEKMAL STREAM HUOUKDARY DATS,

c LIMIT] = NUMBER UF INTEKNAL STREAm HOUNDARY PUINTS,

(o GAMMAE B KATIU OF THF SPECIFIC HEATS FOR THE EXIFRNAL STREAM,
C HpPTE S LXTERNAL SIREAR BHOUNDAKY DATA,

C LIMITE = MUNBER UOF EXTERNAL STHRFAM ROUNDARY PUINTS,

C nIC 2 LOCATIUN NO, UF LINTFRNAL STRFAW JHPINGEMENT PUINT,

c NFC ® LOCATION WU, O FXTERNAL STPFAM JHPINGEMENT PUINT,

C NSTOP = U, SOLUTIUN FOUND,

c z ), NO JMPINGEMENT,

(o 2 2, NQ SHUCR SOLUTION, -
C 8 3, IMPINGEMENT BEFURE SEPARATION,

C TJIMLLI = INTERNAL TUKARULENT JET MIXING LENGTH,

C TIMLE = EXTERNAL TURBULENT JET MIXING L.FENGTH,

c F1,F2 = ABSCISSA FUR AXISYMMETRIC CURKECTINN TERMS UISED IN ONEKA
C ANGULAR REATACHMENT CRITFRION

C PRSHUK 3 STATIC PRESS, RATIO (KRISE) ACRUSS JRLIUUE SHOCK SYSTEM,
c NPRINT = SEE SUAROQUTINE SINOUTS,

(o

C

C

(o

c

o

DIMENSIUN X1(30),R1(30),XE(3IN),NF(IQ),RPTI(S,30),RPIE(S,30)
COMMUN /ANGLES/THETAY,THETA2,THFTAS,F1,F2
EMNMSF (EMS ,GAMMA)ISSORT(((2,00(FENS®92))/(GANNAGL,))/
1 (1,0°((GAMNA=] ,0)/(GAMNAS]L V) )O(ENS22)))
CosessLOADING OF CONSTANT<PRESSUKE BOUNDARY PUINT DATA,
DO 10 N=1,LINITE
X1(N)SBPI1(1,N)
10 RI(N) = RPTI(2,W)
DO 20 Nm1,LINITE
XE(N) 3 BPTE(1,N)
20 RF(N) = BPTE(2,M)
CesoseSET INITIAL VALUES,
NSTOP=1
PRSHOKS0,0
NIMAXSLINITL])
NEMAXSLINITE=}
Co9088CHECK FOR IMPINGEMENT UPSTHEAM UF THE SEPARATIUN POINTS,
C80809FOR THE LNTERNAL SThEAM, N
SF80,0
NEm}
DO 30 NIZ), NIMAX
SI & (RI(NTeL) = RI(NIDI/ZC(KI(NIGL) = XT(NT))
IP(ABS(SE=8]) ,LT, 1,0E=05) GO Tu 30
XIMP = (RICNI) = RE(ML) ¢ SPOXL(NE) = STeXI(NI))/(SE = S1)
IFCCRINP.GE XL (NT)) AND, (XIMP LE.XKI(N]®1)) AND,
1 (XIMP,LE,.XE(NE))) GO TH 30
30 CONTINUE
Ces820F0R THE EXTERNAL STNEAN,
S120,0
Nim}
DN 40 NER),NEMAR

“ o

~
“
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vy '1
Ny
u‘_.?.:
-'..u‘ 1
SE 3 (HEINFsl) = FR(NE)D/Z(XE{NE4T) = XF(NE)) e
IF(ABS(SE~SI) LI, 1,GE=0%) U TG 40 e S
XIMP 2 (RI(NL) =« RE(NE) ¢ SESXE(NE) = S)IoxI(HI))/ (S = S]) F
IFC(XI®P . GE XF(NE)) AN (XIMP 1b XE(NF o1) ) AND, " A
| (XIMPLE,XI(NL)})) GU TU 70 ST
40 CUNTINUE T
GO TU 100 S
Ctesss] [FPINGEMFNT HCCURS, ’
SU RIMP = (SEOSIS(XE(NE)=X1(N1)) ¢ SESPL(NT) = SI®RE(NE))/(St=5])
C
wWRITE (3,60) XIMP,RINP
00 FURMAT( 1SX, 4UH 00000 uPINGEMENT OF THF INTERNAL STREAM OCCURS /
t 21X, &@7TH HEFORF SEPARATIUMN UF THE EXTERNAL STHEA4Sesses , /,
2 16X, 27H IMPINGEMFNT UCCUPS AT X = F10,6, 5X, 9H AND R 3 F10,6 /)
GO TU 90
C
70 RIMP = (SE®SJS(XE(NE)=AT(NI)) ¢ SELORI(NI) = SISRE(NE))/(SE=SI)
c
aHITE (I,%0) XIMP,RINP
80 FURMAT( 15X, 48H 9898esIMPINGEMENT OF THE EXTERWAL STREAM OCCURS /
1 21%, 47H BEFORFE SEPAKATIUN OF THE INTERNAL STREAYsseess , /,
2 16X, 274 INPINGEMENT UCCURS AT X = Fin,6, 5X, 94 AND H = F10,6 /)
c

90 NSTOP=)
GO TO 230
Cess3s9CALCULATIUN NDF CUNSTANT-PRESSURE LOUNDARIES IMPINGEMENT POINT,
100 DU 120 NIZ), NIRmAX
SI s (RI(NJe)) « RI(NE))I/Z(XI(NTeg) = NI(N1))
DO 110 NESZ] ,NEMAX
St 8 (RE(NE+1) = RE(NE))/(XE(NE+]) = XE(NF))
IF(ABS(SE~3]1) LT, 1.,0F=05) GU TO 110
XInp &8 (RI(N)) = RE(NE) ¢ SESXE(NE) = SI*XI(N]I))/(SE = S1)
IFC(XINP,GE,XI(NT)) AND, (XIMP_ LEF, XI(NTe1)) ,AND,
1 (RINP,GE XE(NE)) AND, (XIMP_ LE . XFE(NE+1))) GO TO 140
110 CONTINUE
120 CUNTINUE
Cose8sp Ok ND IMPINGEMENT OF THE STREANMS,
wRITE (3,130)
130 FURMAT(16K, 41N S MPINGEMENT DUFS NOT NCCUR w]THIN THE ,/,
1 19X, 44K RANGE OF CONSTANT=PRESSURFE BU!INDARY DATASee /)
NSTUPE2
GU TU 230
COS00OFUR IMPINGENMENT OF THE STREAMS,
140 RIMP 8 (SESSIS(XE(NE)=XI(NI)) ¢ SELCRI(NI) = SI®HRE(NE))/(SE=S])
NICaN]e}
NF.CeNE+ Y
Ceesse INTERPOLATION FOR THE FLOW VARIABLES AT THE InPINGENENT POINT,
00 150 53 ¢
BPTI(M,NIC) = BPTI(M,NIC=1) ¢ ((XINP = XI(NIC=1))/

1 (XI(NIC) = XT(NICe1)))®(RPTI(4,NIC) = BPTI(%,NIC=1))
150 BPTE(M,NEC) = APTE(N,NEC=]) ¢ ((X)1%P = XE(NEC=1))/
1 (RE(NEC) = XE(NEC=1)))O(RPTL(M,NEC) = RPTE(N,NEC=1))

Cos00eSTORE COURNDINATES UF THE LIMPINGEMENT POINT,
8PTLI(L,NIC) = xiImp
BPTI(2,NiC) = wimnp
BPTL(1,NEC)S XIMP
BPTE(2,NEC) » RIMP
THETALS BPTI(4,N1C)
THETAZS RPTL(¢,NLC)
COSCALCHLATION UF THE ﬂlaluo LENGTHS AL NF ¢ FOR AXESY 4, (nbkA CRIT,
Tun1e0,0
Fi120,0
DO 160 N22,81C
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DS2SGRTC(RPTI(1,N)enkTICL,i=1)) 004 (HPIL(2,K)=nPTTIL2,N=1))082)
TIMLIZTINLSSUS

160 F1=F1¢(RPTI(2,N)*8PIL1(2,N=]1))80 58S
FI1sFL1/(TJRLIMR]IMP)
F2s0,0
TJNLEE0,0
LU 170 N=2,NEC
DSaSURT((NPTEC(L ,N)=APTE(] ,H=1))892¢(RPTE(2,18)=BPTE(L2,H=1))0e2)
TJIMLESTINLE DS

170 23 2+ (BPTE(2,N)+BPTE(2,N=1))e0, 5¢DS
F2sF2/7(TJUMLE*RINP)

CeedstQUTPUT IMPINGEMENT POINT DATA,

EMN]L 3 EMNMSE (APTI(),NIC),GANVATY)
THETDL 3 $7,295779%% e 1i(4,NIC)
ENNE = ESNMSF(BPTE(3,NEC),GAMMAE)
1HLTOE 3 57,29577959RAPTE(4,NEC)
IF(NPRINT,LT,0) GO TU 200

wRITE (3,180)
1RO FORWAT( 1M3 )

wR1ITE (3,190) XIMP,RIMP,EMNT , THETDL, TJMLI,
AIMP,RINP ,EMNE, THETUE, TUNLE

190 FORMAT(//7,10%,42H%00AT INTERHAL STREAN IMPINGEMEANT POLINTOee ,//,

$X, %4 X 3 F1U,6, 5k, SH R = F10,h, SX, 12H MACH WO, = F10.6,//,

SX, 15H THLTA(DEG,) = F10,6, 5X, 17H WIXING LENGTH = F10.6,//,

18X, 43h sesAT EXTERMAL STREAM JNPINGEMENT PUINCess ,//,

SX, SH X = F10,6, 5x, SH R = F10,6, SX, 12H MACA ND, = F10.8,//,

SX, IS5H THLTA(DEG,) = F10,86, SX, 1TH MIXING LENGEH = F10.6,//)

[* 0 N SR

C
CO®908CALCULATIUN OF THE KECOMPRESSION SHOCK SYSTEW,
Css98sCALCULATIUN OF THE SLIPLINE ANGLE,
‘200  CALL SULIP(BPTI(I,NIC),BPTI(4,NIC),GAnNMAL,
1 BPTE(3,NEC),BPTE(4,MFC),GANMAE,
2 THETAS,NSTOP)
C838¢$DUES THE SULUTION FUR THE SLIPLINE ANGLE EXIST,
Gy TO (210,230,239), NSTOP
Ce8essCALCULATIUN UF THE STATIC PRESSURE RATIO ACRUSS [4E SHUCK SYSTENW,
C (NOTE PRSHUKT=PRSHORESPRSHUK,)

210 DELTAL s (BPTI(4,N1C) = THETAS)
PRSHOKR = PRSHK(BPTI(I,NIC),NELTAL,GAMMAT)
THETAS 3 57,2997795¢THETAS
IF(NPRINT.LT.O0) GO TO 230
CeoeseQUTPUT OF SHOCK SYSTE® UATA,
[«
WRITE (3,220) THETAS ,PRSHNK
220 FORMAT(ISK, 48M ¢*SUBLIOUE SHOCK SYSTEM AT IMPINGEMENT PUINTSes//,
1 $X, 234 SLIPLINME ANGLE(DEG,) s 10,6,
2 5%, 24H STATIC PHESSURE RATIOD s FI10,6,/7/7)
C
230 RETURM
END
SURRQUTINE TJUMIX(GAMMAL,GCI,E”S],TRROE, TUNLY,
1 GAMMAQ,CC2,FrS2,TRRN2,TJUML2,
2 HNL ENSNE ,BFETAN] ,RINP ,PRSHIK,
) PHN2L,TRUZ1 ,RECUMP ,RLDR ,ENGR,BLYT] ,ALNT2,1TC)

$8098THIS SUBROUTINE CALCULAIES THF DIMFUSTIMLESS BLEED AnD
ENSRGY RATIOS FUR 'THE 1eU=SAKFAN THTHRACTIUS PRUALEAM,

SUBRUUTING. REQUIRES=+=THGRAL,

nAANAN
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TERS L4 S D

SCOVAKR]ARLISS S

FOR FATHEN SIREA | UR 2

GAMMA 3 RATIU NF SPECLFIC htATS,

GC 2 GAS CONSTANTe==(LbI=FT/LB =R),

EeS 2 MACH SPAR A1 [WPINGFYENT PUINT,

THETA 3 FLO»s ANGLE AT IMPIMGHFMENT POINT ()N RADIANS),

TRuO 2 BASE TO FREE=SINEAM STAGHATIUN TERPEWATURE HAlIU,

TJmL 2 TURKULENST JET MIXING LFMGTH,

3 2 ARSCISSA FUN AXISIMMETPIC COPRECTIIN TER<S IN UNERA AN
ANGULAR HEATTACHMRMT CRITFRIOM

KNY NUZZLF EXUT PADIUS NOF STREAM | (I~CERNAL),

=
EMSN] = NOZZLE LXIT MACH STAR UF STREAM ],

RETANL 2 NNZZLE EXIT F1.0@ ANGLE AT RN1 (IN RADIAUYS),

Rlup ® RADIAL COURDINATE UF 1vPINGEMERT POINT,

PRSHUOK = STATIC PRESSUPE RATIO (KRISE) UF DBLIUVE SHUCK SYSTIFEM,

PPN21 = STAGNATIUN PHRESSURE RATIU, PO2/FO0},
TKO21 = RATIO OF STAGNATION TEFPLRATURFS JF THE TwU STREAMS,
RECUMP 3 RFCOMPRESSION CULFFICIRUT,

BLOR = PASS BALEFD RATIU REFERENCED TO FI1,0« OF STREAM 1,
(G KWLEED) /(G nOZZLE1L),

ENGP = ENERGY BLEED RATIO, (UMEGAB)/((G NOZZLEL)SCPLI*TOL),
sHERE OMEGAB IS KEFERFACED TU T=o,

AANANNONNNAAANAONYANONNANANNNNNANA

CUMMON/ANGLES/THETAL ,THETA2, THETAS,F ] ,F2
COMMON/Cn3/SIGHFL,SIGHF2,NRCMP ,NSIGMA ,NBLELD,XPAGE,NSHIFT,THRSLP,
1 RECHP],RECHP2

CR2MSF(ENS,GAMMA) = ((GAMMA=],0)/(GAMMASG] ,0))S(ENSSS?)
EMNMSF(ENS ,GANMA)2SORT (((2,.08(ENS®82))/(GAMNACL,0))/
i (1.,0=((GARMA®] ,U)/{GAMMAG]L . 0))E(ENS?%2)) )
LASMNF (EMN,GAAMA) SEMNSSORT(O,S*(GAMMASL,)/(1,40,58(GANMA=],)®
tEMNSS2))
EMSPRF(PR,GAMMA)IESURT (((GAMMAGL ,N)/(GANMA=],0))*
1 (1,0°PR¢S((CAMMA=] ,0)/GANMA)))
WTELMS (EmS,GAUMA)BSURT (2.00GAMMA/(GANMASGL1,0))¢
1 (EMS/(L.0°((GANMA=] D)/ (GANMASL N))S(EMSS92)))
PHMSF(EMS,GAMMA)IS( ] ,0=((GAMMA=] N)/(GAMKAS],0))SENSSS] )08
1 (CANMA/ (GAMRA=Y ,0))
PHIDF(CNR,TRBO) & CNRO(O,S°CNRS(1,0=-TRRO) ¢
] SURT ((CNR$22)¢((0),5%(1,0=TRBI))*22)+TRAV))
COSSISPRANDTLMEYFERFINCTION
OMEGAF(ENN ,GAMMA)ESURT((GAMMAS]L )/ (GAMMA=] ) )SATAN(SURT((GAYNA=],)
1/7(GAMMAGYL )0 (ENNSS22],)))=ACOS(],/7EuN)
Cos0sessPAGE CRITERION,APPHUXINATED BY KRORST
RKAPKQ(EMN) = 0,02333%EMN00,6633)
COC8S90RIGINAL PAGE CRITLRION
XKAPPA(PHID) = 0,58(1,=CUS(3,14159¢(PHID=0,01)))
Co08000NLRA ANGULAR CRITERION

C REATTACHMENT ANGLE FOR CO30 1IN PLAKE FLOW

C PSIO(ENN) = 0,0442815¢0,1719404pne0,N1T79528FHNSS2
PEIOCFN ,PHEIJ,GAMMAIRUMEGAF (FHN ,CANBA)=OMFGAF (EMNSSURT(L,=PH]®82)
1,GARNA)

C CHANGE OF PSIO #ITH CO

PSIPHD(FAN ,PHIJ,GAMMA , TRHD)IESURT(LUNSS28( ) =PHLJE® 2/ (TRBUIS(L,=THBU
SIOPHIJL)I =L )/7C(1 00 90 (GAMSAS] )SFPNES28(]) ,~PHIJO82/(TRRUS(],=TKhkII)
20PHIJ)IIIOPHEI/SORT( (1, =VHIJ)O(THRUCPHTJIO() ,=PHII002/(TRHDG (L, ~
ITRARUISPUIJ) ) IO(TRBUS (), =TRBUDISFNIJIZ2,)/7(THARYe(] ,=TRRII)*PHTIY)S O S

PHICO(PHIJ,FTAY,CSUL,THRO)IB(TVRHIe (] ,«»TKA1I)SPH] JaPH] Y89 20CSYn) /(.=
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C FACTUR FUR SLCHND URDER CHABGE (1F PHIN Ww[TH CQ
P2CUSE (PHIJ,LTAJ,CSUN, IHRU)Z((THRUS PHEJe828CSurn)e
10,504190FAP (= TAJ*®2)¢2, 8 (THARDGE(] ,=TRRI)OPHLJI=PATII820CSUD)I*E JAUS
2PHIU)/PHLY® 82/ (1 ,=CSUD))

C CURRFCTIUON NN AXLALLY SYMMETKIC FLOw
DPSIAX(AKG) = 0,04/12420,0010HT8(ANGE®2=1)/(ARGO®241)
ARG(F) = EXP(F#5,4~4,.4)

C CURRLCTIOM FUR WwURE FXACT NKIGIM SHIFT
CURUS(EMM)E2 YUHA=] OK4IEMNSN 155928 mnee2
CosseeLbt 'S CORWMPLCIIUN FOR LIMITING ANGLES 1,1u]
EPSTLF(FAN)Z0,293379=0,17T733906MNe00,041321S%EMNSS2=0,003)130)
IECRTY ¥
C
FFrS=l, k=)
IF (NRCMP,LT,3) GULIU &
PRUDYI 2L,
THETES=THETAS /57.295779%
PROD2=%,
Co¢essDTARB ACCOUNTS FOR A CURRECTION DF REATTACHMENT AYGLES
c DUF. TO THE CHONFLUENCE PRUBLEM OUF TwO SHEAR LAYERS
DTARRSO,
CosesoppPSIL ACCOUNTS FUR ONEKA LIMITING ANGLES IN CURRESPONDEMCE TO
C THUSE OF KORST

EPSILISEPSILF(FMNMSF(EMS] ,GAMMAL))
EPSIL2SEPSILF(EMNMSF(EMS2,GANNAZ))
1TeUuSTa1
NTYPES]
NJUMPENRCPMP-)
DT2=0,02
NPSIZDPSIAX(ARG(FL))
NPS28DPSIAX(ARG(F2))
IF (NRCHP,LT,.6) GUTOD 7

22 DTIsTHETAL=THETES=DPS1~DIARR
DT2sTHETES=THETA2=DFS2¢LUTARS
IF (P71,.GT7,0,) GOTO 24
DTARVZROTI¢DTARR=] k=0
GUTU 22

24 IF (OT2,.,67,0,) GOTU 2%
DTARBZ=(DT2-DTARB) ¢1.5=6
GOTO 22

25 DELTHI=DT1/(THETAL=THETES)
DFLTH2EDT2/(THETES=THLTA2)
GOTO )

6 IPAGELI=Y
1PAGE2=]
NTYPE =}
NTYPE2R]
0X120,09
0Xx2=0,08
IF (NRCHP,NE,2) GOTO S
TINLISTINLE=XPAGLO*TUML2
TINL2BTINL20 (1 ,=XPAGE)

9 1I¥ (NRCMP~-1) 1,2,2

Co8888CALCULATION OF OISCRIMINATING STHEANMLINE VELUCITY NATIOS

C BASED ON THE RECOMPRESSION CUFRFFICIENT, SINCE THF PRESSIINFE RATLU
C ACRUSS THE QBLIQUE SHUCK SYSTF® 13 EQUAL FOR STNREAMS | AN 2,
4 THE OL1SCRIMINATING STREAMLINE STACHATIUN PRESSURE #aATllUD, P/POD,
(o I8 ALSU THE Sanf,
c
1 PRODEIZ(1,0/7(RECOMPOI'RSHLK D)
PRND22PROVI
RFECHPISRLCNNP
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CoesosCALCULAIIUN OF DISCHRIM= ALLMNG STREAML)GE VELUCITY WATIU BASEDR (N
PAGF.'S CRITERINY, AFPRUXIMATED hY KOWST, 1TERATLON FUR MNKRE FXACT
C EVALUALIUN QOF PAGR'S CRITELLIONE (P/PUD)ID IS SIFFERENT FUR STREAM |}
C AND STRFAM 2,
2 DELTHISYRAPKU(FYNNSY (F~S),GAMMAL))
DELTH2IXKAPKN(ELYNUSF (EMS2,0AYMA2))
) PRODIZPKSHK (FNSL,=(PRELTHI®*(THETAJ=THETES)),GAMMAL)
PRUND2ZPRSHK (EmS2,«(DELTH28(IHFTA2=THFTES) ), GAMMA2)
RECYP1=PRUDL/PRSHUK
RFECHMP2=PRUD2/PRSHUON
PROVYI=L ,/7PRONY
PrOD22) ,/PROV2

8
N

c
CossseFNRk STREAM 1§,
7 CSUDIDSCR2MSF(ErSPRE (PRUDI,LAMMAL) ,GANNAY)
- CS50UD} = CR2MSF(FMS],GAMMAL)
I . C1=SURT (C5uD1)
CNR1 = SUKT (CSUDID/CSUDY)

PHIDL = PHIDF(CNK] ,TRBUY)
CesssspUR STREAM 2,

CSQD2D = CR2MSF(EMSPRF(PROD2,GAMMAZ),GAMNMA2)

CSAN2 = CR2MSF(£MS2,GAMMA2)

C2=SURT (CSQD2)

CNR2 = SORT (CSQNP2D/CSUD2)
l PHID2 =2 PRIDF(CNR2,TRAU2)
3 Cs908 8 INTERATION FOR “OWE EXACT PAGE=CKRITERIOUN
z IF (NKCMP,NE,.2) GUTO ¢
. PEL1=DFLTHE
- DEL23DELTHZ

PR PRFRFEEL LS P

o DELIHI=2XKAPPA(PHID])
- DELTH2ZXKAPFA(PHID2)
VARISDELTHi«DELL
l VAR2EDELTH2-DEL2
IF (NTYPEI NF,3) SIGNISVARI/ABS(VARL)
. IF (NTYPE2,ME,3) SIGN2=VAK2/ARS(VAN2)
IF (NTYPEL1,NE,3) CALL ITER (DELTH1,0X1,1,E=4,SIGN1,vAK1,0,0,EPS,
. 1IPAGEY ,NTYPEL ,XN1,INT,XPL1,YP1,NS1IGAL,NSIGAL)
IF (NTYPE2,NE,3) CALL ITER (DFLTW2,DX2,1,.F=4,SIGN2,VAR2,0,0,EPS,

. 1 IPAGE2,NTIPF2,XN2,YN2,XP2,YP2,NS1GA2,NSIGR2)
.. 1F (PELTH1,LE,0,) DELTH120,5%FPS
. IF (DELTH2,LE,O0,) DELTH220,50EPS

17 (DELTH1,GT.1.) ULELTHIsL,

1F (VELTH2,GT,1,) ULELTH2=],

1IF (NTYPE1,EQ, ), AND NTYPE2,EQ,)) GUTO 4
. IF (IPAGE} . GT,2Nn,0R,1PAGE2.GT,20) GOTN 99
- GuTUu 3
Co*9ssEVALUATION OF BLEED AND ENERGY RATINS,
) 4 SIGMNALI212,002,7TS5USEMNUSF(ENS] ,GANNMAL)
9 SIGHA2 812,042,758 ¢FMNMSF{EFrS2,GANMA2)
. 1F (NRCMPeb) 27,26,27

26 E1101SEPSILIZ(1,-CSALL)
EI11028EPSIL2/(1,=C5002)

GUTU 2¥
27 £1101m0,
£1102=0,
20 CALL TEGRAL(PHID1,CSON1,TRHUL,EIIJI,FLIDI,EL3J1,F1301,FTAJL,
‘ 1 PHIJL,EL2J01)
. CALL TEGRAL(PHID2,C5002,TRB02,F11J2,FL1102,E1302,E1302,ETAJ2,
_ 1 . PHI1JVL,E1202)
. Cee0 00 APPLICATIUN OF UNFRA ANGULAR CRITERINOK
. C ACCOUNT FOP UKIGIN ShIFT
-. B~21
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IF (1T1C,Lh,2) GUIU 9

1F (NSHIFT NE,0) GUTO 400

TUMLIATIMNLL oSIGMALORLMTL/(ET2J10(1,0=CSOPT))/CURDS(EMNMSF
2(FMS1,GANNAL))
TUML2STIML24SIGMA2ORLNT2/(£1202%(1,0=C50N2))/CURNS(ENIMSE
2(EnS2,GAnMA2))

400 IF(NSHIFT.NE.1) GOUTO 9
TIMLIITIMLI4STGMALORLATLI/(R1L018(1,=CSNNT))
TUML2STUML2SIGHMAQORLNT2/ (110281 ,=CS002))

9 1IF (NHRCMP.LT,3) GUTU 8
FMNYISEMNMSF(FMS),GAMNAL)
) EMNZELMNNSF(FNS2,GANPA2)
IF (NRCHP,FO,H) GUTL 21
PHICOL1=PHICO(PHIJ],LTAJL,CSUNT,TRE0OY)
PHICN22PHICU(PHTIJ2,LTAJ2,CSVUD2,TREN2)
11 DTI2=THETES+THETAL=DPSIAX(ARG(F1))=PSTQ(EH1,PHIJ1,GAMMAL)=UTARY
DT2s THETES~THETA2eDPSIAX(AFG(F2))=PSIN(EMN2,PHIJ2,GAMMAZ)+DTARS
. Ca1z(DTI/PSTPHU(LHNL,PHIUY ,GAMMAL, TRBO1)/PHICOL1=EPSILY)

CO2=2(LT2/FSIPHD(EMN2,PHIJ2,GAYPA2, TREBN2)/PHICU2-EPSIL2) .
EILIDI=EI1J1+CUL/(1,=CSOUL)
.- EI1D2=F11J24C02/(1,-CSUD2)
. EN1R12=COL8TUNLI/SIGRAL
FNTR2==CA28TUML2/SIGMA2
FAC130,
g FAC2zn,
o IF (NRCMP.FQ.S5) FACISP2CUSF(PH1JU1,ETAJY,CS50D1,TRBNY) e
I! 1¥ (NRCMP,EU,S) FAC23P2CQSH(PHIJ2,LTAJ2,CSUD2,[RBUQ) {‘ij
PHID13PHIJ1+4COLOPHICOL1%(]1,=-COI*FACY/2,) B
PHID22PHIJ24CU28FHICU28(1,-CQ2°FAC2/2,) L d
IF (PHIDI.LE.,1,E=3) GO QO 1U00 e
. Y
:

CALL TEGULSL(PHI01,CSODY,TRBNE,F1101,E13D1)
G0 TO 1001
1000 ¢&13iDp1=0,0

j E1301=0,0 R
. 1003 1¥F (PH1D2,LF,.1,E=3) GN TO 1002 7 ﬁ
- CALL TEGDSL(PHID2,CSQD2,TRBU2,E11D2,E13D2) -4
GO TO 2}
" 1002 ¢e11D220,0
Ca E130230,0
o 21 PRRISPRUSF(eMmS),GAMMAYL)/PRMSF (LMSMNF(EMN]SSURT(]1,-PHID1%%2),GAMMAL
S 1),GAMmAL)
- PRR2=PRMSH(EMS2,GANMA2) /PRMSF(ELMSHNF (EMN2ISUYURT (1 ,~PHID2882),GAMMA2
. 1),GAMMA2) )
. IF (NKCHP,LT,4) GUTO 10
) VARSPUKL=PRR2
IF (VAR,EQ,0,) GOTU 10
SIGNEVAR/ARS(VAR)
IF (1TrOST NE,1,) UTS=(DTAKL-DTARRO)/(VAR=VARD)SVAR
DT=S1GNOOT
VARNSVAR R
UTARBUSDTAPH
CALL ITER (UIARA,UT,1,..=4,SIGN,VAK,0,0,FPS,ITWOSI MTYPE,XN,YN, XP,
1YP,NSIGA,NSIGH)
IF (NRCWP,EQ .6, AND, (PRKR] LT, PRR2 ,AND NTY  LLI,2.=6,0R,PRR1.GT,PRRZ,
1AND,UT2,LT,2,F=6)) GUTU 10
IF (MTYPENE LI AND LIWUST, LT, 1%) GOTO (11,11,22),HJ1Mp
10 1HRSLPS(THETES+DTARN)*57,295¥
" RECHMPISPRR L /PRSHON
B RECMP23PRA2/PRSHIK
- 8 PRUNISPRMSF(LMSTL,GAMMA])/PRMSE (FPSHNT,GAMNAL)
COLFEIS((],0eCUS (BETANL)IVSIGMAY)O(HIME/RN]IS(TIMLL/ZKNL)®(PHKNT)S
o 1 SORT (Z,00CAMMAL/(CAMRAL=] (1] )0(],0/aTFLYS (FNSNI , CAMYAL))
" CHEFF28 (TUML2/TJUL))O(SIGPAI/SIGRAD)IOSOKE ((1 D/ FVI2]1 )0
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\ (GAPYR2/GAMYA] )8 (GCI/GC2) A ((GANMAL=] ,U)/(GANYAL=1,1))))
CORFFIZ(SIGMAY/SIGPAZ)S(TUML2/TUNMLI)®SURT ((GC2/GCY1)8(T1R1I2Y) )8

1 ((UGAYMA2/GANMAL ) ((GAPMALel  NH)/(GAMMAZ=] 0)))ee],Y)
ALORECOEEFIS(CIS(rIINI=L] I )eCURLFFOC3(FLIIDL=-EI1U2))
FNGRZECUEFFIO(CI®(EIZUI=TRROTSETIJL)+COERE J0C20

1 (EL3D2-FHBU24E11U2))
RETURN

99 STOP

END
SURKRNUT INE QIT2w(PRYE ,PRBLIL,FRUFUL,TKRUL ,TRBUL, TROF L ,PRUILE.,

1 PRIIE,HRLDR,ENGR,MPRINT,CP,CL,BLORD, FNGRO)

ALDRU,ENGRD 3 SUVECLIF1leD VALUES UF THE BLFED AND ENERGY RATINS,

¢
CosssslT2m »RITES OUT THE CALCULATED HIXING RFSULTS AND CURKENT DATA,
c
c S4SVAKIABLESIeS
c
. c PR 2 BASE PRFSSUKE RATIU, PH/PF,
. . c PHBI1 = BASE PRESSUHE WATIU, PB/PIT,
] ¢ PRULUI = STAGNATION PRESSURE HATIO, POE/POI,

» c TRHOE = BASE TEMPERATURF KATIO, T8/TNE,

A 4 THBOI = KASF TEMPERATURE RAT1O, Tk/TUI,

8 ¢ THOEI = STAGNATIUN TEMPERATURE RATIO, TOF/TOI,

. c PRUIL =& INTERNAL STAGNATIUN TO €xT, STATIC PRESS, RATIO, PUI/PE,
c PRI1E = INPUT STATIC PRESSURE RATIN, P11/PE,
c BLPR,ENGR = SEFE SUBRUUTINE STJUMIXS FOR NEFINITIONS,
c NPRINT = SEE SUBROUTINE SINOUTS,
c cep = BASE PRESSURE COEFFICIFNT,
¢ cv = BASE DRAG CUEFFICIENT,
<
¢
c

JF (NPRINT,LT,0) GO TO 103

[g]

wR1TE (3,100) PR1IE,TKROEL,PROENT ,PROIE,RLDRO,ENGRO
100 FORMAT(I9X, 41H %898ssTURBULENT JET MIXING RESULTSss¢sss, //,
1 30K, 19H SSSsCURRENT DATA®se ,//,
2 14x, 1t PII/PE = F8,5, 17X, $11H TOE/TOL = F8,.8,7/,
3 14X, 11 POE/POLl = F9,5, 17X, 11K PUI/PF = F8.,3 ,//,
4 14X, 9H RLDRO = F12,%, 15X, 9H FNGRO = £12,5,7/7)
[
“RITE (3,101) BLLR,,ENGR
101 FORMAT(IOX, 18H SSeMIXING DATASe®,//,
1 14X, @8W BLDR = €£12,5, 16X, 8H ENGR = £12,5,//)
C
WRITE (3,102) TRBOE,TRBUI,PRKRE ,PRB11,CP,CD
102 FORMAT (16X,45H Ss8sAASEL PRESSURE AND TEMPERATURE RESULTIS®ss ,//,
14X, 10M TB/TOL = FO,5, 16X, 10k TR/TO] = 38,5, //,
J4x, IUN PB/PF = FO,5, 10X, 100 PR/PIL = F8,5, //,
14X, 10H CPen s F8,5, 18X, 10K CD=R z FO,S ,//,
20X, 4UH o9ssssEND OF CURKFNT CASE RESULTSSssess /,
20K, 40H 0880003000008 088885008888000000¢088880s, //)

[V VRS N

c
103 RETURN
END 1
SUBROUTINE TTER(X,DX,EHRORA,SIGN,Y,YGIVEN,ERRURY NI ,NTYPE, f
1 ANEG,YNEG,XPOS,YPOS,NSIGN] ,NSIGN2)

PSSO SURROUTINE PERIUNSMS AN ITEFATION TO FIND x SUCH THAT THE ARSULITE e
VALUE OF (Y=YGIVEN) IS LESS THAN UR EQUAL TU FRRORY OR THF E ;
ARSULUTE YALUE OF (X(Je1)=X(1)) IS LFSS THAY UP FQUAL TU FRRORX, ,':,

CIOVARIAMLESSSS

ANNANND
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NS C X 3 AN EPFUKNT VAKLARILF,
¥ c VX 2 JNCREMPNT [N INGEPPNDENT VAPLARWLE,
o FRRURX ® MAX[wUs YALUE UF ARS(X(I41)=X(T1)) FUR SOLUTIOMN,
C SIGN % 41,0 ok =1 ,0, VEFINFS INCHEMENTING FRUM X INITIAL,
}' C Y 2 LEPENDENT VAWRLIAWLE,
,: (o YGIVEN = GIVEN VALUF OF ULILNDPENT VARIARLF,
N C ERRORY 3 mAx[mMyuv VALUE OF ABS(Y~YGLIVFEN),
W, C NIT 2 INCRFMENT NUPBER,
C NTYFE = 1, INCREMENT,
] C = 2, INTFRPULATION,
C t 3, SOLULLIUN,
C
e DYZY=YGIVEN
v IF(ARS (DY)=FENRORY) 90,90,10
L 10 1F (DY) 20,90,30
1 20 NSIGN2=e)
b XNFGEX
J YINEG3Y
GH TO 40 -
30 NSIGN2s3+}
XPOS=X
YPusSsy

40 GO TU (50,80), NTYPE
50 IF(NIT=1) 70,70,00
60 NSIGN=NSIGN]ENSIGH2
IF(NSIGN) 80,80,70
70 NSIGN1=NSIGN2
" NIT2N[Te)
N CYSS8 I NCRENENT TO FIND SULUTION INTERVAL,
s, XX¢STIGNODX
. GO TO 100
80 NTYPES®?
- Cos8e8 INTERPOLATION FOR SOLUTION,
NITENIT ¢}
XSAVES)
RATIUS(XPUS=XNEG)/(YPOS=YNLG)
XEXNEGRATIOS(YGIVEN=INEG)
CSSS0SACCELERATION 0OF CONVERGENCE OF ITERATIUN=<REF, wEGSTEIN, NBS,
A = 1,0/RATIV
I¥(A=1,0) 92,88,82
82 O = A/(A=1,0)
KWGSTN = QSXSAVE ¢ (1,0=Q)*X
IF(XNEG=X"GSTN) 84,086,880
84 LF(XwGSTN=~XPOS) 86,840,080
86 XEXWGSTN
88 IF(ABS(X=XSAVE) = ERRURX) $%0,90,100

90 NTYPE=)
100 RETURN
END
SUBRUUTINE ABTS(GA%MA,EMS],XRT] , KT, ,ANGHT ,XHBT2,RET2,NSHAPE, R
1 NPRIMT ,NUCPTS ,NERRUR,CD)
c
COIBS0IBR808000000090888300083080832008088080000F0sEItUERERIPIRtRESsSLIOITBISSE
C
o AX]1I SYnwnpEgTRI]IC BOATTATLL SUBPROGHK AN
Cc

COINONIENINNEINLRITINNSIBEItINRINTIQITtRININEEININNtINIIIsNIOIIEnNISEISIOITS
WRITYEN BY eea A, |, ADUY
NUTE === INFUT AND QUTPUT DATA AKE FOR THE SUPPER<HALFE® OF FlUw

FIFLD, THE ADJYUSTHEST (F THESFE DATA FUR FHE CALCULATIUAGS
1S MADE LuleRYALLY,
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z SURPRUGHAM KEOUTRES =ee OUTBTL,EFSPH,FPS,nInPS,“CDATA,UNTAT2, -
BTITFR,
s
X
f SSFVARIANLLSS S
b3 GAMMA = RATIN OF SPECIFIC HEATS,
3 £E#S1 = INITIAL FREESTREAM MACH STAR AT STATIUN 1,
» X6T1,RBT1 = COURDINATES UF ¢ IRST FUTNT O# HUATTAIL,

ANGRT]1 = INJTIAL BOATTAIL AMGLE A1 STATION ¢,
NEGATIVE AND In RAVIANS,

XRT2,RBT2 = FINAL PUINT UN BOATTAIL,

NSHAPE = SEb S!/BROUTINE SBTCNSTs,

s Vs v

- e 4
R NPKINT & =1 Ok 0, b,H,P, DATA NOT PRINTFD, S
- 41, B,8,P, DATA PRINTFD, AN
- HOCP1S = NUMBER OF 11=CHAR., POINTS CALCULATED ON CHAR, THROHGH (2) I
- NLRKOK = SFE SHAKRUUTEINE SBTITFRe, o

»tea Y

$920UTPUT NATA (IN URLER)SSS

INPUT DATA TO AMTS

X = LONGITUUINAL COURULINATE OF HOUNDARY POINT,

R s RADIAL COORDINATE OF BOUNDARY POINT,

THETA = LOCAL FLUw ANGLE AT BOUMDARY POINT (IN NFEGREES),

NUTE === THE 11«CHAR, DATA THROUGH (XHT2,Rul2) IS TRANSMITTED TO
THE MASTER PROGRAM THROUGH sCOumMNAN® IN THE ANRAY CHARE,

NnOoNANNAANNANNANOANNONANNANONAANAAN

1 PI(3), CLIDC(S)
COMMON PMB,CHART ,CHARE,P),P2,P)
PRMSF(EMS,GAMMA)R(] ,0=((GARMA=] ,0)/(GAMMAG],0))2EUSsS2)0s

;; DIMENSION PMB(100,5,2), CHAKI(S,3Nn), CHARE(S5,30), P1(S), P2(%),

i 1 (GARMA/ (GAMMA=1,0))
EMNMSF (ENS ,GAYYA)ESURT (((2,08(ENS%$2))/7(GARNAGL,0))/
1 (1,0=((GAMMAS] ,0)/(GAMNAG]L,0))0(EnSse2)) )

CALL HTCNST(XBT1,RBT1,ANGBT],XRT2,RAT2,NSHAPE,C1,C2,C))
. Ceesss INPUT DATA, SOME UUITPUT DATA, AND COLUMN HEADINGS ARE PRINTED,
[ - CALL OUTBTS(GAMMA ,ENS] ,XBT1,RAT) ,ANGRTI ,XART2,RBT2,NSHAPE,

e 1 C1,C2,C3,NPRINT)
B Ce8809SET INITIAL VALUES,

HGUTO=}

NOCPTSst

Nlmi

PRIO1ISPRNMSF (EMS] ,GAMMA)
EMNISENNMST (E4S],GANRA)
CososshUMBER OF PUOINTS CALCULATED ON THE I1«CHARACTERISTIC OKRIGINATING
C AT (XBT2,R8T2) 1S SPECIFIED HERF, (LIMITE PAX, = 30),
C
D LIMITES3O0
C39%9¢F0OR UNIFURM FLOW,
ENSsEnsy
DREBO,U29RBTY
- DXBSURT (EMNiee2=] _0)SUR
. GO T0 30
. Ce0s8eLUAD INITIAL VALUES AT (XbP1,KAT1) INTO THE PMB ARNAY,
. ’O P‘o(,pln‘).l'tl
-% PHR(1,2,1)2RET]
PNA(1,3,1)sFMS
Pru(],4,1)=0,0
IF(ARS (ANGRT])=1,08=3) 40,440,550
COPSSCBUATTAIL WITH ZERU INJTIAL TURMING ANGLF,
40 k=0

. .

.
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GO TU 70 ".k.‘

CooeesFONR AM AFTLKALLY w1TH INITIAL TUKAING ANGLE, v 54

50 IF (ANGRTI) %2,52,54

Cess0sFOR A BUATTAIL (BETA2E NEGATIVE), ¥

52 K2(ARS (57,29570°ANGRT])¢1,.0) TAD

GO TU Sé e

Ceess3APPROXIMATE ANALYSIS FUR A FLAKE (BMFTA2E PUSITIVE), vl

5S¢ K = 1 R

S6 FK & K o
UTASANGBT1/FK S
Co9988CALCULATIUN OF CHAR, ARRAY DATA FUR POINTS L31,Kel AND NBY, -~

DU 60 L=t,n et

PuBIL*L,1,1)2PNB(L,1,1) A

PMA(L*1,2,1)3FPMR(L,2,1) Lo

PHBIL*1,4,1)2P4R(L,4,1) ¢ UTA RS

60 PMR(L*L,3,1)3EMSPM(PMB(],3,1),F¥B(1,4,1),FAB(L+1,4,1),GAMNA) . RN

Cesssexy) IS NUMBER OF PAMILY 11 CHAR, FUR SURDIVIDED EXPANSION, S

70 xi=Kel T

CesssesTHE INITIAL RUUNDARY PUINT DATA IS PRINTED,
DO 80 M=x1,4 -
80 P3I(M)=PuB(K]I,N,1)
CALL OQUTBTI2(GAMMA,EMSLE,EMNL,PRIUL,PI, NI, NGUTO,NPRINT,CD) O
Cee3081HE FLUw FIELD CALCULATIONS ARE MUw “ADE ALUNG FAMILY 1 R

C CHARACTERISTICS STARTING FROM THE INPUT PUINTS ON THE SUBDIVIDED »Afm
C INITIAL FAMILY FOR THE FIRST AND SURSEQUENT AXIS POINTS, -}3}
02 NIzNJ+]} :

Ce288SCALCULATION OF THE INITIAL 1I-CHARACTERISTIC DATA PUINT,
Ce8838LOAD CURRENT 1]1«CHARACTERISTICS DATA PUINTS INTOQ PMB ARRAY,
PMR(1,1,2)sPNB(1,1,1) ¢ DX X
PUR(1,2,2)2PA4B8(1,2,1) ¢ DR '.'t'.'
PMR(1,4,2)3P4B(1,4,1)
PMB(1,3,2)2EMS T
GO TO (90,90,100), MNGOTO . ’
90 DO 92 umi, ¢ :
92 CIID(M)=PHB(],M,2)
GD TO 99
94 DU 96 M=1,4
96 PMUB(1,%,2)3CI10(N)
98 IF(X) 140,140,100
Co9900sCALCULATIONS ARE FUR THE CURRENT NeTH POINT ON THE INITIAL
C FAMJLY [l CHARACTERISTIC,
Cc

100 PO 110 L=1,K
C8698CALCULATIONS ARE FUR THE CURRENT LeTH EXPANSION [4CRERENT,
Ces288L,0AD DATA/ FIELD PUINT CALCULATION/ STORE OATA,

CALL MCDATA(I,L,L*1,L3,%PTS)
CALL FPS(GA“MA,P1,P2,P3,NERROR)
IF (NERROR) 200,310,110
110 CALL MCDATA(2,L1,L2,L¢3,KPTS)
CeseseALL FIELLU PUINTS On N=TH FAMILY | CHAN, HAVE BEEN CALCULATED.
GO TO (140,140,120), NGUTO X
C$0809STORE BOATTAIL II=CHARACTERISTIC DATA,
120 NOCPIS®RNOCPTSet
00 130 w=ml,4
130 CHARE (%,NOCPTS)SP)(M)
CH9CSCHARACTENISTICS DATA SHIFT,
CALL MCDATALI,L1,L2,L3,Ke1)
IF(NOCPTS=LIAITE) 82,200,200V
Coss08L,0AD DATA/ ROUNDANY PUINT CALCULATIUN/ STUNE UATA,
140 CALL MCDATA(1,Ke],he1,L),APTS)
CALL BTBPS(GAMMA,P1,P2,PT,NSHAPE,C1,C2,C3,NERRUR)
IF (NEKROK) 200,144,164
COPPOSCUNTINUE BOATTAIL CALCULAIINN, JTEWATH Fhik [=CHARACTrRISTIC

B-26

AP SRR SN . PN PP N

s

ot T T N T »
T RER FIRERT Y RS




"
-

fi
-
=t
'y My
R,
'

.': r",\'-,'
; o
": [ IHROUGH THF ROACTALL FNL PULINT (XKT2,NRT2), UR CALCULATE THe ,.b,:
:‘ C JI=CHARACTIEKNISTIC OKIGINATING AT THF POINT (XH12,RBT2). 2{:
A ¢ -
144 CALL BTITER(XUTI,XRT2,PI,CIID,NGIHTU,NEPROR) K
. IF(NERRDR) 200,140,146 3,
A 146 GO TU (170,94,150), NGOTO &,&
. Cee908LOAD FIKST HOATTAIL JI-CHARACTHHLISTIC PUINT, e
Lo 150 DO 160 w=t,4 PN
N 1060 CHARE (%,1)sP3(M) Y
) 170 CALL MCOATA(2,L1,L2,K42,KPTS) -
’- C$4000TNE CURRENT ROVMNARY PUINT DATA 1S N(Ow PRINTED. i
CALL NUTBT2(GAMMA,E#S] ,CNNL,PREINOL,PI,NL,NGUTU,NPRINT,CH) F
- CoO4ssCHARACTERISTICS UDATA SHIFT, ,n§~
- CALL MCNATA(I,LI,L2,LI,h42) Lt
. CoosesaAlvANCE INDEX FOR NeXT INPUT POINT ON INJT1IAL CHARACTERISTIC, s
K3Ke) R
K GO T0 02 RS
: 200 HETURW e
¢ END
SUBROUTINE BTCNST(XRT1,RBTI,ANGHT] ,XAT2,RHT2,NSHAPF,C1,C2,C3)
c
N c SOSVARIABLESSSS
. c
-. c XAT1 & INITIAL LONGITUDINAL BOATTAIL CUDRDINATE,
- c RET!I = INITIAL RADIAL BOATTALL CUORDINATE,
K c ANGBTY = INITIAL BUATTAIL TURNING ANGLE, RADIANS, CCw(+),
- c XBT2 = TERWINAL LUNGITUDINAL RUATTAIL CUUORNDINATE,
¢ RBT2 = TERVINAL KADJAL BUATTALIL CUURDINATE,
. c NSHAPE = 1, OGIVE BWUATTALL, B
5 c = 2, PARABULIC HOATTAIL, -
.. c s 3, CUNICAL BUAITAIL, -
s c €1,02,C3 s COEFFICIENTS IN THE ROATTAIL PRUFILE ENUATIUNS, e
-, c N
o0 ¢ .
~ SLOPL1® TAN (ANGHT1) I
GO TU (10,20,30), NSHAPE L
o Ce*s9s0GIVE ROATTALL (NSHAPES]), et
S 10 C13(0.5)%C (XBT2eXBT1)%82=2 NeSLOPE}SRHT|#(XBT2=XBT1)¢RAT2882 R
s 1  =RET1#%2) / (RBT2=KATi=1, 08SLOPEIS(XHT2=X8T1) ) -
.- C2s XBT1 ¢ SLUPELL1®(RBT1=C}) -
2z Ciz (XBT1=C2)%¢2 ¢ (RBT1=Cl)ee2 R
- GO TO 40 ",
o Cs8888PARABOLIC BUATIALIL (NSHAPES2), .
20 Cis( RAT2=RWT{=SLOPE{®(XBT2-XBT1) ) / K
> 1 ( XBT10024XRT2v82 «2,08XT1*XRT2 ) .
.- C22SLUPEL «2,0¢CioaBTY :
- CI=RBTY =  ( C28XBT1 ¢ C1%(XHT1992) ) -
- GO TO 40 N
. Ceoe24CONICAL BUATTALL (NSHAPES)), .
- 30  C1=RBT1 .
s Cc2ssLOPEL i
C3=xBTH f.
RHT2SRET1¢SLOPEL® (XBT2-XBT)) by
N c .
- 40 RETURN R
. END e
i SURROUTINE PUTRTI(GAMMA,EMST, XRT1,RRTI,ANGETL, X8F2,0NT2,NSHAPF, N
- 1} C1,C2,CI,NPRINT) S
. (o I'.“
Co0880THIS SUBRUUTINE PRINTS INPUT DATA, SIMF (tUTPUT DaATA, AND r'
N C HEADINGS FOR THF: BUATTAIL ,CALCULATIONS, Y
y c . iy
. PRMSF(EMS ,GAMMA)IB(T Do ((GAYMASY (1) /(GAMYAL]L,N))IF 1500 )00 R
. e
L Ao
: S
“~ '..‘_
- o
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AR

1 (GAMMA/ (GAMMA=] ,N))
PHNMSF(EMS, GAMYA)ZSUKNT  (((2,08(r¥S5082))/(LAMMASL,0))/
1 (1, 00((GANMAR]L ,0)/(GANMDOL 0))s(FMSe82)) )

LF(NPRINT) 10,510,100
LU0 EMNLSEMNMSE (FMS),GAMMA)

PRIUJZPRMSF(E¥SE,GANMA)

BETAURST,295d%ANLBIY

Cc
WRITE (3,1} GAMMA ,FFN],PRINY
1 FORMAT(IMY,//7,210,23H AX1ISYmMETFIC WOATTAIL 7/,
1 15X,3UK WITH UNJFOWM SUPERSONIC FLUw 7/,
2 21X,2UM %e¢ INPUT DALA ses y/,
3 TX,9H GAMMA = FS,3,3X,12H MACH MY, = FS,3,3Kk, BH P/IN % Fh, 4//)
c
GU TO (2,4,6), NSHAPS
C
2 wRITE (3,))
3 FORMAT(IM ,19X,27H & OGIVE BUATIAIL PRUFILE §)
GU TO ®
¢ .
4 WRITE (3,9)
S FORMAT(IN ,19X,32H & PARABULIC BUATTAIL PRUFILE s )
GO TO @
c
6 »RITE (3,7)
7 FURMAT(IN ,19X,30H & CONICAL BOATTAIL PRUFILE * )
Cc
9 @#RITE (3,9) XBT{,RBRT1,BETAD,XRT2,R812,C1,C2,C3
9 FORMAT(IN ,//,7X, 8H XBT1 ® $6,3,3X, AH WHET1 = F6,3,
1 4X,10H ANGRT] 3 FB,3//,7X,HN XBT2 = F6,3,3%,0H RAT2 = Fo,3//,
2 7x,04 C} s F7,3,2x,80 C2 s F7,3,3Xx,104 C3 s F1,37/77,
) 20X,3T7TH %3¢+ BOATFTAIL SURFACE OUTPUT DATA ®ss //,
4 12X, 0MX, 14X, 1HR,10X,8HNACH NO,,9X,4HP/P1 ,9%X,9HCP(LOCAL) /7)
Cc
10 RETURY
ENp

SUBRUUTINE BTBPS(GAMMA,P1,P2,P),NSHAPE,C?,C2,C3,NERRUR)

BOATTAIL BOUNDARY POINT
SUBROUTINE (BTBPS),

$¢5SSTHIS SUBROUTINE CALCULATES A PUINT P3 OUN THE BUATTALL wALL NS
GIVEN THE PROPERTIES UF A POINT P3 1IN THE FLOw FIELOD, LeTla

SOIVARIABLESSS,

GAMMA = RATIU OF SPECItIC HEATS,

PI(J) = JeoTH FLUW VARIABLE AT THE PNINT | wHERE I=21,2,0R 3,

P1(J) AND P2(J),J=1,5 = FLOW VARIAHLES AT KNOwWN PUINTS 1 AND 2,

PICJI),J31,5 8 FLUS VARIABLES AT THE UNKNUWN POINT 3,

THE J SUBSCHIPT 1NHDICATES THE FOLLOWING VARIARLES==e .
Js) CURRESPUNULS TO I,

Js2 CURRESPUNLS TO W,
Js3 CURRESPONDS TU mACH STAR (FmS),
Jua CORWRESPUNDS TU THNETA IN RADIANS (IHFT),

NSHAPE = SEE BELUw,

C1,C2,C3 8 CONSTANTS 1M THE RUATTAIL PRUFILE EWUATIUNS,

NERROR 8 A CUNTRUL VARIABLE FOR CHECKING THE PUSSIBILITY THAT
THE CURFENT CHARACTFRISTIC m)SSFS THE MOIATIALL AND AN
ITERATINY 1S REQUIRED,

NERKUR sei ,,, LRROM IN CALCULATTION,
NERROR 2 0 ,,, NUGITEPATION KEQUIRED,
NFRRUR B 1 ,,, AN [TEpPATION 1S HEDULIREVY,

ANANAAANANANANANONNAARANANANNANAAN
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PUINTS 1 AND 3 ARE ASSUMED CONNECTED RY FAMILY I 4HERE
PUINT 3 1S ON [HE sALL,

.
v
)

'y

.-..
r .' " £
v " ‘r“" ‘I' '."

THFE. ROATTAIL PROFILE IS SPeCIFIEDL HY FQUATIUNS UF THE FORMe=e

’

4
‘. l' ll

1, 1F NSHAPE=R] 0NG1Ve
Rz Cl ¢ SURT( C) = (X=C2)0¢2 )

<,

2, LIF NSHAPEE2 PARAROLIC
Rz C3 o C20X ¢ Cle(Xxee2)

]

R T O

3. IF NSHAPE=} CONICAL o
Rz Cl + C2¢({X=C)) o

wHERE C1,C2,AHD C3 HAVE BEEN CALCULATED FRU4 THE INPUT DATA
- IN SUBROUTINE eHTCNSTS,

ANANANAANAONANOARANAANANN

- DIMENSIUN P1(S), P2(%), PI(S)
s ALPHAF (EMSTAR,GAYMA)SATAN (SORT((1,0 = ((GA4MA=] 0}/ (GAMMASG],0))
- 1 S(EMSTAK®42) )/ (LNSTAR®S2=1,0)))
- AVGF(A,B) = (A ¢ R)/2,0
‘- PCOFFF(EMSTAR ,ALPHA)SEMSTARSTAN (ALPHA)
2 QCULFF (NPOINT,RADLIUS,LUSTAR, THETA ,ALPHA)IZ((EMSTAR/RADIUS)
1 (TAN (ALPHA)S¢2)8TAN (THETA))/(TAN (THETA) + ((=1,0)¢sNPOINT)®
s 2 TAN (ALPHA))
i HOCOLF (RADIUS,EMSTAR,THETA,ALPHA)S((EMSTAR/RAVIIS)STAN (ALPHA)S
- 1 SIN (ALPHA)CSIN (THETA))
o Coos0aNPOINT IN QCOBFF() INDICATES THE KNOWN POINT BEING USEND==] UR 2,
Ceo00sRROR FLAG SET,
.. NFRRORS(
- NCOUNT =0
NCTMAXS=1S
. ENSMAXESURT ((GAMMAG]L,0)/7(GANMA=],0))
o CesosesosxNUnN INPUT DATA FRUmM PUINTS 1 AND 2,
X1zP1(1)
" R1=P1(2)
- EMStIEP1())
- THET12P1(4)
- R2=2P2(2)
ENS22P2())
THET2=P2(4)
CesessFUR AN INITIAL ESTIMATE OF THE VALIIES AT PUINT 3,
RIZAVGF(R1,R2)
EMSISAVGH (ENS) ,EMNS2)
THETISAVGF (THETL,THET2)
. GO 10 12
) “ C*0e8sITERATION FOR VARIABLES AT POINT 3,
Coo0sesIF NSHAPE 3 3§, UGLVF,
1 As1,0 ¢ (TAN (DIFFt3))es2
B32,00(R1=CL1)STAN (DIFF1)) «2,08C2=2,08X1¢(TAN (DIFF13) )s22
Ce C2802 « C) ¢ ( (Ri=Cl)=X1sTAN (DIFF13) )se2
DISCR=8882=4,00a0C
. IF(DISCR) 19,19,)
v 3 X3I=m(=BoSURT, (B¥82=4,N0%A%C))/(2,0%A)
p RIBRIG(XIeX1)STAN (DLIFFL))
THETISATAN ( (C2=%3)/(R3=C1) )
it GO 10 10
- Ceee96F NSHAPE s 2, PARAKRULIC,
o 4 AsCH
haC2=-TAN (D1FF1))

L
s
o s
[
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CaCji=R1e¢X10(TAN (DIFEF1)))
DISCHERn982a4 ,nNsp®C
IF(O1ISCR) 19,19,6
6 X)=m (=HSURT (B*82-4,08A8C))/(2,0%0)
RISRI4(XIeX))OTAN (DIFF1))
THET3=ZA1AL (C2e2,08C17%X)3)
GO TL 10
Coseesll NSHAPE = ), CONICAL,
7 X33 (Cl1eR1eCISCIeX1OTAN (DIFFII) ) /7 (TAM (DIFFLY) = C2 )
RIZHIG(X3I=XL)STAN (LIFFL))
1F(RY) 19,19,9
9 THLTIZATAN (C2)
CeO980TEST AND EVALUATIUN ¥FOR HORLZUNIAL [-CHAFACLERISTICS,
10 IF(ABS (VIFF1)3)=1,0k=3) 11,11,12
CO9880F0R ] HORIZONTAL.
11 PROD1JI=AQCUEF (R13,EMS13,THET13,ALPH13)*(X3=X1)
GU TU 13
COP880FUR [J«CHARACTERISTIC, O.K,
12 PRUD1IZUCUEFF(1,H1),eMSE 3, THETI13,ALPHLID)IS(RI=R])
Ce398sCAILCULATIUN UF FLUN VARIABLES AT POINT 3,
13 FMSIZEMSLI=PLIS(THETI=THET1)¢PRODII
DIFFMS3(EMS3I=SAVEL)/SAVEL
IF((EMSI. LT ,1,0) JUR, (EMS3I.GT FMSMAX)) GO TO 20
IF(ABS (DIFFNS) .LE, 1,06=4) GO TO ¥
17 NCOUNSENCOUNTe}
IF(NCOUNT ,GT, NCINAX) GO TO 14
SAVEL s ENS)
R13sAVGF(R],R3)
EMS1ISAVGF(ENS] ,ENS))
THET13ZAVGF(THETL,THET))
ALPH1 IZALPHAF(EMS1I,GAMMA)
OIFFLISTHETL 3=ALPHE]
P132PCOEFF(EMS1I,ALPHL])
GO TO (1,4,7), NSHAPE
18 PiI(1) = X
P3I(2)sR)
PI(I)SENS]
P3(4)sTHET)
IF(NCQUNT ,GT, NCIMAX) WRITE (3,180) WCOUNT,DIFFHS
180 VFORMAT(/, SX,37H *¢¢ CONVERGENCE ERRUR IN *8THPS*, ( ,I3,2¢H , ,
1 E10,3,6H ) se0 )
RETURN
19 NERRURSe|
RETURN
20 NERRORse}
wRITE (3,21)
21 FURMAT(//7,23X,324 so3 ERROR [N P°*HTAPSS CALC. *** /)
RFETURN
END
SURRUUTINE QUTHI2(GAMMA,EPSL ,EnNL,PRIOL,PI, N1 ,NGITU,NPRLINT,CD)

AN, 0 s JERRS,
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C
C#9833THIS SUBRUUTINE PRINTS THE CALCULATED ROATTALIL SURFACE DATA

_e_v_ v

THE J SUBSCRIPT INUICAIES TrF FULLUNING VARIARLESee- .
J=l CURKESPUNDS TO X,

c AT THE LUCATION, N= NUMPTS, IN THE RPTS(M,N} ARKAY,
C .

< SSSVARLABLESO s R
c e
< GANNA = RARIO OF SPLCIFIC MEATS. 1
c ENS1 = FREESTREAM MACH STAN, "i
c EMND = FREESTREAM MACH NUMKER, [ e

< PRIUI = FREFSTREAM S1ATIC=TO=STAGNATION PRESSURF RATIU, R
c PI(J) = BOATTAIL BUUNDARY PDINT UATA, T

c

C
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»
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Jz22 CONRESPUNES TU &,
Je3 CHORRESPONUS TU MACH STAR (FvS),
Jzé4 CURPRESPONUS TU THETA IN RADJANS (THETIA),
Nl 8 1, oo LUCATLS THE RAUUNDARY POINT ON [HE BUATITAILIL
SUKFACE,
2 1, MOK4AL HOATTAIUL CALCULATION,
= 2, UTERATIUN FUR I=CHANACTERISTIC [HKUUGH (XR12,RoT2),
2 3}, CALCULATION UF 11«CHAKACTERISTIC THROUGH (XRT2,KRHT2),
2 SEF. SUBRKUUTINE SANTSS,

NGOTO

NPRINT

NAanNnAnNANNN

DIMENSION P3I(S)
PHMSE (EMS,GAMMA)B(]1,0=( (GAMMA=] ,0)/(GAMHAS]L V) )SEMNSsI2)ss
1 (GAMMA/(GAMMA=]Y U))
EMNFSELE"S,GAMMA)S  SURT(((2,08(LMS882))/(HAMMASL, 0))/
1 (1.,02((GANMAC] 0)/(GAMMAG]L ,U))E(EnSe22)) )
IF(UPRINT) ¥0,R0,10
10 x=P3(1})
R=$312)
EnsSzP3())
EVNSEMNMOF (ENS,GAMMKA)
PROAU1IZ],0
PRBIS(PRMSF (ENS,GANNA)/PRI0UL)*PRUBOL
Cs0833THE LUCAL PRESSURE CUEFFICIENT 1S CALCULATED, CP IS BASED UN
[o THE FPREESTREAM MACH NUMBER AND PHESSURE,
C
CP2(PRB1=1,0)/7(0,5¢CANNAS(ENN]IS02))
WRETE (3,20) X,R,LMN,PRBL,CP
20 FURMAT(?X,F10,5,5X,F10,5,5X,F10,5,5X,F10,5%,5%X,F10,5)
CO98S8THE BUAITAIL DRAG CUELFFICIENT 18 CALCULATFD, CD 1S REFEKENCED
C TO THE FREFSTREAM FPRESSURE AND MACH NUMAER CUNUILITIUNS,
C
IF(N1=1) 30,30,40
Coess? INITIALIZE CD CALCULATION,
Jo Cn=o0,0
DENOMSN ,SEGAMMAS (EMN]S$82)S(ResD)
GU TO SO
40 AVGPRE(0,5¢(PRMSF(FMSL,CAMMA)¢PRMSF (ENS,GAMMA ) ) *PRURO]L)/FR101
CPaCD(((1,0=AVGPR)S(RL**2=R8$22))/DENONM)
50 RL=R
EMSLZEMS
GO TO (WO,R0,60), NGUTO
60 WwRITE (3,70) CO
70 FORMAT(/,2%5X,20H ®¢s DRAG COFFFICIENT, CD = FB,5,3Hesr , //)

80 RETURN
END
SUBROUTINE BTITER(XBT1,XBT2,P3,C15D,NGUTU, NERRUR)
c
Ces0ssSUBROUTINE CONTROLS BOATTALL LTERATIUN FUR [=CHARACTFRISTIC
c PASSING THROUGN (X8T2,RBT2),
c
c S0eVARIABLESS e
c —=
c XBT2 = LUNGITUDIMAL CUURD. OF TERMINAL PUINT OF fHt HOATTAIL, R
c ?) # CURRENT BUUNUARY POINT FROM SURRUUTINE enruPSe, e
c CIID = CURRENT INITIAL I1eCHARACTERISTIC VATA POINT,
c NGOTO = 1,'ROATTAIL CALCULATION, N
c % 2, ITERATIUN FOR 1=CHANACTFHISTIC THRUUGH (XHT2,RHr2}, ‘{:é;
c ® 3, CALCULATION OF [1eCHARACTEKLISTIC THROIGH (XKT2,RHT2), A\,
c NERROUR = =), ERRUR IN J1ERATION, GO TU WEXT CASE, apx
- c s 0, BOUNDAKRY POINT CALCULATION 0.k, ST
. < 8 1, ERROR IN BUUNDAKY PUINT CALCULACION, STAKRT ITERATIUN, c
. C -t
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<
0 .‘ . ,
i .\ ::.::
. RSN
. ¢ RS
. DIMFNSIUN P3(S), SAVEL(S), SAVER(S), CIIN(S) >
XHT & (XBT2-X811) N
CoessSENRROR OR JTERATIUN DEYECTION, .
‘ GO 10 (10,60), NGUTU " T
i 10 IF(NFRKUR) 20,20,50 <353
. 20 IF(X812=P3(1)) 50,190,30 SN
{8 30 I1TERS] N
. DU 4n u=1,4 -
x 40 SAVEL(M)ZCII0(M) oY
3% RETURN L* !
COsesoITERATIUN SEQUENCE, L
A S0 NGOT0R2 Gt
Lo 60 1F(NERROR) 70,70,110 X
- 70 LF(ABS((ABT2-P3(1))/XbhT)=1,UE~4) 190,190,80 '
N €0 IF(XBT2-P3(1)) 110,190,90
2N 90 DU 100 Wx=1,4
- 100 SAVEL(M)=CIID(M)
L\ GO TO 130

110 DU 120 w=},4
120 SAVER(M)ECIID(Nn)
130 IF(ITER=15) 160,160,140
140 NERKURzZ=]
WRITE (3,150)
150 FURMAT(//,5X,67H %0 MAX, NU, ITERATIONS FXCEEDEOD IN SHBR, BTITER,
1 GO TO NEAT CASE, //)
RETURN
160 IF(ABS ((SAVEL(1)=SAVER(1))/18T)=1,0€=4) 190,190,170
170 ITER=ITER®]
CessssINTERVAL MalLVE FUR VALUES ON INITIAL IXI=CHARACTERISTIC,
DU 180 n=i,4
100 CITD(M)=0,58(SAVEL(M)*SAVER(NM))
RETURN
Cssss8SOLYUTION FOUND,
190 NGUTO=3
RETURN
END
SUBRUOUTINE UFLOC(GAMMA,EMS,XC,RC,N1,CHAR ,NFLOW)

$8388TH]S SUBROUTINE SUBDIVIDES THE JNITIAL FAMILY 11 CHARACTERISTIC
ANUD CALCULATES THE INPUT DATA FOR PUINTS ON THIS CHARACTERISTIC
FOR UNIFURA FLUWw,

SeSVARIABLES*ss

GAMMA s RATIO OF THE SPECIFIC HEATS,
ENS s APPROACH MACH STAR,
XC = LUNGITUDINAL COURDINATE wWHERE EXPANSIUN IS CENTEREVD,
RC 8 RADIAL COORDINATE #HEKE EXPANSION I8 CENTERFD,
NEGATIVE FOR INTERNAL FLUw AND POSITIVE FOR EXTERNAL FLOw,

L] 2 NUMBER OF INCREMENTS 0F INITIAL CHAR, (MAX, 15 29) .
CHAR = INITIAL CHARACTERISTIC DATA ARRAY,
NFLOvw = 1, INTERNAL FLUW,

8 2, EXTERNAL FLUe,

AaNANAaANNNANAAOANNANANN

DINENSTON CHAR(S,30)
EMNESF (ENS,'GANMA)RSURT(((2.00(LNS3%2) )/ (GANGASL V) )/
1 (1,0°(({GAYNA=] 1)/ (GAMPASL,U))P(ENSe82)) )
GO TO (10,20), NFLOw
CesssoFyun INTERNAL FLQw,
10 wi=1Y
Fuliani
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A

PLPLPCH

v Y

P ¢ s+ 0 & .
]

a v 4
2%t

[N

9 )

AN S St MEE T I S e TP A R b aCINL B S Al SR B Bttt db b BRI SR WA o) "gilirad

Dk3ABS (KC)/FNL
Gu U0 o
Cee008FNR EXTERNAL FLOW,
20 DH=0,03¢ABS (RC)
30 DXEDROSORT((EMMMSF(ERS,GAMMA))202-1,0)

HpTSaNt e}
PU 40 N=i,NPTS \
FNaNe=| ~
CHAR (1,N) = XC ¢ FENODX SN’
CHAR (2,N) = RC ¢ FNSDR
CHAR (3,N) = En§
40 CHAR (4,N) = 0,0
RFTURN
END
SUBRUUTINE CNFLUC(GAMMA ,EMS,RFTA,XC,RC,N)
C
Cs9299FNR INTERNAL CUNICAL #LOW, THIS SURROUTINF. SUBDIVIUES THE
C NUNeCHARACTFERISTIC UNIFORM FLOw CUKRKVFE THRNUGH THE POINT (XC,RC)
(o AND THEN CALCULATES THE INPUT LATA ALONG THE FAMILY 11
C CHAFACTERISTIC ~HICH URIGINATES AT THIS PUOINT,
Cc
C SUBRUOUTINE REWUIRES==~=FPS,APS,
C
C SISYVARLARLESSSS
¢
C GAMMA = RATIO NF THE SPECIFIC HEATS,
C EnS & APPROACH RACH STAR,
C BETA = FLOW ANGLE, NEGATIVE, (IN RADIANS), AT (XC,RC),
C  { o s LUNGITIIDINAL COURDINATE WHERFE FXPANSION 1S CeNTERED,
(o RC = RADIAL CUURDINATE WHERE EXPANSION [S CENTERED,
C N 8 NUMBER OF INCREMENTS UF INITIAL CHAR, (mAX, IS 29)
C
C
DIMENSION PPB(100,5,2), CHARI(S%,30), CHARE(S,30), P1(5), P2(S),
1 P3(S)
COMMON PMB, CHARI, CHARE, P1, ¢2, P)
C

RCONEZRC/SIN (BETA)
Coss80SUBDIVISIUN OF THE NUN=CHARACTEKRISTIC CURVE INTO N2 INCRFEMENTS,

C (NIB28N2), TU CHANGE THE NUMBFR OF INCREMENTS CHANGFE UNLY N2,
C (MAXINUM N2 1S 14),
C

N2210

FN2EN2

N1Z2ON2

CoesssSTORE INITIAL DATA POUINT,
PMB(1,3,1)sXC
PHB(1,2,1)sRC
PYA(1,3,1)sEAS
PMB(1l,4,1)=BETA
DU 10 w»s},s

10 CHARLI(W,1)sPrB(1,",1)
CH8820THE FLUW FLELD CALCULATIONS ARF NUw MADF ALONG FAMILY 1

C CHARACTERISTICS STARTING FRUM THE PUINTS ON THE SUKRDIVIOED

(o NOINeCHARACTERISTICS CURVE, THIS SEOUPNCE IS NUT APPLICAMLE FOWR
C CALCULATIONS INVOLVING OTHER THAN THFE FIRST AX1S POINT,
CososoTHF CALCULATED FLO# FIELD VATA FON THF (N1el) PUINTS ON 1HE

C FAMILY 11 CHARACTERISTIC OKIGIMATING AT (XC,RC) «lLL K+ STURPD Al
C CHARI(N.N). WHERE Nsi, Niel,

C

DU 40 Ns], N2
Ce008eCALCULATE DATA (N THE NUN=CHAKACTERISTIC TNPUT ClUNVE,
(L1 1]
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ANGLERZRPTAS (L ,O=bH/END)
PRA(N®L,1,2)sXCeRCUNES(COS(ANGLEE)=CUS(RETAY))
PUMAING],2,2)3RCONESSIN(ANGLER)
PMB(Nel,3,2)2ENMS
PMB(N41,4,2)SANGLER
KPIrSEN¢L
NU 20 I=l,N
Lanelel
Coo8s89L,)AD DATA/ CALCULATE FILELD PUINT/ STORF DATA,
CALL MCDATA(t,L¢L1,L,LI,NPTS)
CALL FPS(GAMMA,PI,P2,P3,NFKROR)
CALL MCUATA(2,L1,L2,L,KP1S)
20 CONTINUE
Cos9ssSTORE INETIAL CHARACTERISTIICS NATA,
DO 30 msl, ¢
30 CHARI(M,N¢1)=PMB(1,4,2)
Co9883SHIFT METHOU OF CHARACIERISTICS DATA,
CALL MCOATA(I,LL,L2,L3,KPTS)
40 CUNTINUL
C89838THE CALCULATION SEGUENCE 1S NOw MODIFIFD FUR SUBSEUUENT AXIS

c AND FIELDV PUINT CALCULATLIONKS,
C

DN 90 N=:],N2

NIzN2eN

LaN2e¢l=N

Cee9ssLOAD DALA/ CALCULATFE FLELD PUINT/ STNRE DATA,
CALL “CDATA(L,L,L,LI,RPTS)
CALL APS (LAMMA,P2,P3,HERROR)
CALL MCDATA(2,L1,L2,L,rP1S8)
1F(ni=nk) 70,70,50
SO0 Nll=Let
Lilsy
DO 00 131,NI1
Co88¢¢LOAD VATA/ CALCULATE FIELD PUINY/ STORE DATA,
CALL MCDATA(L,LIL,LL12"1,LI,APTS)
CALL FPPS(GAMMA,PY,P2,P3,NERKOR)
CALL MCDATA(2,L1,L2,L11=1,RPTS)
60 Lll=Lll=]
CeesosSTURE INLITTAL CHARACTERISTICS DATA,
70 DO 80 mzi,d
BO CHARJ(M,Nlel)sPXR(]l,n,2)
Co#098SHIFT METHNOD OF CHARACTERISTICS DATA,
CALL MCOLATA(I,LE,L2,L3,L)
90 CONTINUE

RETURN

END

SUBROUTINE PMSARR(GAMMA,EMSTAR,PRATIN,BETA,XC,RC,K)
(o
CO%0SOTNIS SUBROUTINE SUBDIVIDES THE INITIAL PRANDTL="EYER EXPANSIUN
C (WAVES UF FARILY 15) INMIU APPROXIMATELY | UEGREE [nNCHREMENTS,
C INPUT DATA 18 THEN CALCULATED FOUR THFE METHUD UF CHARACTENISTICS
o NET AT THE POINT wHERE THE EXPANSION 1S CENTERED,
(of
C SUBROUTINE REQULIRES==«FNFSPM,
C
C SSSYARIABLESYSs
C L
C GAMsA = RATIO OF SPECIFIC MEATS,
[ EMSTAR = APPRUACH MACH STAR,
C PRATIO = EXPANSIUN Patssynt RATIU (P/PU),
C BETA s INETIAL FLUW ANGLE IN KRADIANS,
C xC & LONGITUNINAL CHURDINATE wHERF FXPANSIUN (3 CENIRNED,
C RC ® RADIAL COUMDINATE wWupnb P XPANSION (S Ceafruweh,
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K 2 NIMBER UF INCREMENTS N 1dE THRNING ANGLE, .
pue 3 A 3=DIMENSI0NAL ARRAY, PMR(L,%,N), OF DATA FUK THE (T
METHOD UF CHARACTERISTICS nET, THE SUBSCRIPTS L,H,n e
HAVE THE FOULLUWING RANGES AND MEANINGS==e :;:q

L=1,Xe] AND CURRESPONDS TN THE L=TH PUINT OF THE ,ﬂ;u<
SUBDLIVIVDEVU PHANDTL=MFYER EXPANSIUN, RN

ME| CNKHLSPONDS [U X, e,

M= CORPLSPUNDS TU R, TG

“x) CORNESPUNDS T MACKH STAR (FuS),

Mz4 CURHESPUNDS TU THETA IN RADIANS (IHETA),

N={,2 CURRESPUNDUS TU THE PREVIDUS IR CHRRENT 1=CHAR,

L,Nzt Al POINT nHERF THE INITIAL FLOw CUNDITIONS ARE
SPECLIF1ED AND THE PeM EXPANSIUN IS CENTERED,

ananannNNNANANNN

ODIMENSTON PHR(100,5,2), CHARI(S5,30), CHARE(YS,)0), P1(5), P2(5),
. 1 F3(9)

CUMMUN PMB, CHARI, ChARE, P}, F2, P}

UMEGAF (A,R)a3SURT((B+1,0)/(B=1,0))*ATAN (SURT((A®32-]1,n)/

1 ((8¢1,0)/(R=]1,0)=A892)))=ATAN (SURT(((B¢1,0)/(B=1,0))¢

2 ((AS82<1,0)/((B*1,0)/(R=1,0)=A202))))

FMSPRF(A,B)SSURT(((B+1,0)/(B=1,0))¢(),0=A88((B~=1,0)/8)))

ENS12ENSTAR
EMS22EMSPRF(PRATIO,GANNMA)
CS*888FOR wWAVES OF FaMILY 11,
AHNGLERS= (UMEGAF(EMS2,GAPMA) = OMEGAF(EMS] ,GAMMA))
1F (ANGLEN)10,10,20
10 Xx=(ABS (57,29570¢ANGLEXR)+1,0)

G0 10 30

20 Kk = 1

30 FKk=K
DELTA=ANGLER/FK

CosssoRNOUNN INITIAL INPUT DATA FUR PmrB ARRAY,
PPB(1,1,1)=2C
PMB(1,2,1)aRC
PMBCY,3,1)8ErS)
PMBR(1,4,1)=RETA
Co¢038CALCULATION OF ARRAY DATA FUR POINTS L=i1,re¢] AND Nz,
NO 1 LEl,R
PHB(L*1,1,1)=PAK{L,),1)
PMB(Le*1,2,8)2PMA(L,2,8)
PMR(L®1,4,1)SPuR(L,4,1) ¢ VELTA
1 PuB(L®1,3,1)SENSPM(ENSE,PMR(1,4,1),PHRA(LI1,4,1),GAMH4A)
RETURN
END
FUNCTION LNSPN(EMSTAR,THETAL ,THFTA2 ,GARMA)

C
° Co0s90THIS FUNCTION CALCULATES THE FINAL “ACH STAR AFIER A
PRANDTL=NEYER EXPANSIOUN UR COAPRESSIUN GIVEN INLILAL e
AND THE TURNING ANGLE 1lii RADIANS,

$88 VARJABLES ¢vs

EMNSPM s FINAL mACH STAR AFTER THE TURN UF (THETAZ2 = THETAL),
ENSTAR = APPROACH MACH S1AK,

THETAL 8 APPROACH FLOw ANGLE (TN RAULANS)H,

THETAZ 3 FINAL PLOw ANGLE (1W KADIANS),

GAMMA = RATIO NF SPECIFIC MEATS,

THE SIGN CONVENTIUN FOK ANGLFS 18 Cw(=) AMIL CCw(e),

'3
D‘U
..
-

.

AR NONNANNANNN
¢ "z
P’

B-35 R

.(,’ - ...';.4".'.. e ....-._v_...-_" . R . - -'v.'. ',V'.._)_..__‘__

o PR . . P A P APPSRV . . -
at e Y. - . B TR UL S L I TIPS AL NI SO I - . - . . et ot et -
s o Ssnlact PRI PP VR Y Rl VI W I W I W TN W TP T D AT G Lo, WL . Y etk oA P INNE W Y W 'Y




S M Al nadiett BaA A Y40 S -5 i 1 S A NN e Jhde e e i e Sl el it Al A Aef i e Al AN AR A A A i et i RSt el

UMEGAR(A,B)x  SURPT((Rel,0)/7(H=1,N))%ATAN (  SuyKl((ase2<),0)/
1 ((Re1,0)/(R=1,U)=A082)))=ATAN ( SORT(((kel,0)/(Rel,Nn))8
2 ((A882<1,0)/((R*1,0)/(h=],0)=A882))))
CeesesSLT INITIAL VALUFS,
il 2 0
HITWAR & 20
NTIPES]
CoeesaTYPF=], INTERVAL HALVF, NTYPF22, INTEFFNLATE,
RATIUZ0,S
ANGLES(THETA2=THETAY)
IF(ANGLE) 20,200,110
Cossenp )R A MEVERSIHNLE CUMPRESSJIUN,
10 eMSNEL 0
UMF.GANRO 0 .
ENSPIEMSTAR
GHh TO 30 :
Ces0e8F(UR A HRFVERSIMLE EXPANSIUN, T'ZJ
20 EMSNZEWSTAR ) 3
%

OREGANZUMEGAF (EUSN,GAMNKA) j
EMSPE  SQRT((GAMNMA+],0)/(GARMA=] D)) 4
C9039FVALUATE UMEGA FUNCTION FUR CONLITLON %28, e
30 UMEGA2S(UMEGAF (EXSTAR,GAMMA) =ANGLE) oy
Ces98sDUFS THE SOLUTIUN EXIST, ]
1F(UMEGA2) 40,60,70 e
40 wRITE (3,50) e
SO FORMAT(//,10X,25H ¢¢8& ERRUR IN =LFSPM= 89¢s /)
RETURN
60 EmSPME1,0
RETURN
Coosss INITIALLY INTERVAL HALVE AND THEN INTFRPULACE,
70 NIT = NIT & 1
IF(NIT ,GT, NICMAX) GO 10 140
a EMSTELMSN¢RATIUS (ENSP-LMSN)
UMEGATIOMEGAE (EMST ,GAnna)
- DIFFUS(OMEGAT=UNEGA2)/OMEGA2
. IF(ABS (DIFFO)=1,0E=4) 140,140,80
80 IF(VIFFU) 90,140,500
9V EMSN=EMST
e UMEGANSOMEGAT
e GO TU 110
100 EMSPSERST
(UMEGAPSUMEGAT
NTYPLS?
110 DIFFNS = (EuSP=EMSN)/EMSN
IF(ABS(DIFFME) » 1,0E~4) 140,140,120
120 GO TO (70,130), NIYPE
. Ce000s INTERPOLATE FOR THE SOLUTION,
) 130 HATIOR(UMEGA2°0MEGAN)/ (UMEGAP=OMEGAN)
- GO 10 70 .
Cess8sSULUTION FOUND,
- 140 EMSPMSENST
1F(NIT ,GT, NITMAX) WRITE (3,150) NIT,DIFFU
: 130 FURMAT(/,51,34H4 ¢3oCUNVERGFNCE ERROR IN FMSPM, ( , 13, 2H , ,
an 1 E10,3, 6K ) ses )

R RETURN

. END

o SURKRUOUTINE QUIBDY (W, MPRINT,BPTS)
C
Coe0soSUKROUTEINE PRINTS THE CURKENT CALCULATED RUJUNDARY POINT DATA,
C

) C SOSVARJALLESSSS

g <

. C L] 8 NUMAER OF CUNKENT HOUMDARY POINT,
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e300 SUBRUUTINE LOADS, S1URES, ('R SHIFTS

10
20

30

S0

60
70

SOSISAXISYNMETRIC FIFLD PUINT SUBRUUTINE (FPS)

Y
NPRINT X of 11k 0, C.P.H, UATA GUT vRINIED, \'Ni
“1, C.P.b, DATA PHRINTED, e
BFTS(M,H4) 3 CUKFENT bUUNDARY DA1A, o
M=l CUNRESPUNDS TO X, T
wz2 CURRESPONLS TN R, L

MzE3 CURKESPUNDS TO MACH STAK (E4S),
Mz4 CUKRKESPUNDS TO 1HETA TN WADIANS ([HFTA),

rJ
L

DIMENSLUN BPTS(5,)30) E

IF(NPRINT) 2,2,1
X=APIS(1,N)

REHPTS(2,N) o
THETAZ57,29578%pPIS(4,N) ol
wRITE (3,10) Xe K, THETA

tORMAT(F1IS5,06, F29,06, F30,6)

RETURN

END

SUBRUUTINE MCOATA(NUP,LI,UL2,L3,KPTS)

METHOD OF CHARACTERISTICS DATA,

NOP = 1, LOADS PMB DATA IN Pt,P2,
® 2, SITURES P) DATIA IN PMB,
% ), SHIFTS PMB DATA FROM 12 TO 1=-1,

DIMENSIOUN PMB(100,5,2), CHAKI(S,30), CHARE(S,30), P1(S), P2(5),
1 P3(S)
COMMUN PRk, CHARI, CHARE, PI1, P2, P}

GU TO (30,30,50), ~OP

LO 20 m=1,4
PL(M)SPMB(L]I,M,2)
P2{(M)=PHB(L2,4,1)
RETURN

DU 40 M=1,4
PB(LI, N, 2)=P3(V)
RETURN

PO 70 Kll=t,XKPTS

DO 60 um},4

PuB(KRILI, N, 1)spMB(K]ll, N, 2)
CONTINUE

RETUKN

END
SUBROUTINE FPS(GAMMA,PL,P2,P),NFRRNR)

o.‘vlnlhuuisocc

GAMMA = NATIU Nb SPECLIFIC HEAIS,

PI(J) = JeoTH FLU™ VAFLIABLE AT THE PUINT | wHENE 121,2,0R 3,
P1(J) AND P2(J),Jet,4 & FLOm VARIARLES AT KNUw+e PUINTS 1| ANv 2,
PI(J)yJdB1,4 8 FlLUw VARIAKLES A1 THE HNKhUem PUINP 3,
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THE J SUBSCRIPT INDICATES THE FULLNAING VARIABLES===
Jal CURRESPUNLS TU X,
J=2 CORKFSPONLS TU WM,
Jz3 CORMESPUNDS TU MACH STAR (F¥S),
Jx4 CHRRESPUNDS TU THETA IN WADIANS (THRT),
NERROR = =], ERRUR IN CALCULATION,
2 0, CALCULATION U\,

POINTS 1 AMD 3 ARE ASSUMFUL CUNNFCTED RY FAWILY I,
POINTS 2 ANU 3 AKE ASSURED CUOMMECIKD BY FAMILY II,

KRN NaNaNa Yo Na o KaKel

DIMENSION P1(5), P2(S), P3I(S)
ALPHAR (EPSTAR,GAMMA)ZATAN (SURT((1,0 = ((GAMMA«],0)/(GAMMACL 1))
1 S(EMSTARS$2))/(E"STAR®®2~1,0)))
AVGF(A,8) 3 (A ¢+ B)/2,0
PCOPFF(ENSTAR ,ALPHA)ISEMSTARSTAN (ALPHA)
OCOFFF (NPOINT,RADIUS ,EMSTAR, TRETA,ALPHA)S((EMSTAR/KADIUS)® .
1 (TAN (ALPHA)S42)*TAN (THETA))I/(TAN (THETA) ¢ ((=1,0)%*NPOINT)®
2 TAN (ALPHA))
HQCOEF (RADIUS,EMSTAR,THETA,ALPHA)2((EMSTAR/RAVIUS)*TAN (ALPHA)S®
1 SIN (ALPHA)®SIN (IHETA))
C$e8ssaNPUINT JIF QCOEFF() INDICATES THE KNNwN PUINT BEING USED~=) OR 2,
Cs9832pRROR FLAG SET,
NCUUN[Z0
NCTMAX=Z1S
NERROR=0
EMSMAX3SQHRT ((GAMMASL,0)/(GAMMNA=] ,0))
Cs948sKNUOWNN 1NPUT DATA FRUM PUINTS 1 AND 2,
X1=FP1(})
R1=P1(2)
FMS1=P1(3)
THET12P1(4)

x2=P2(1)
R22P2(2)
EMS22P2(3)
THET22P2(4)
Cess9sFUR INITIAL FSTIMATE OF AVERAGE VALUES RETeEEN PUINTS 1=3 AND 2=3,
RI=AVGF (R} ,R2)
EMSI=AVGFLEMNS] ,ENS2)
THETI=AVGF(THET1,THET2)
GO TO {1
Cesess 1 TERATIUN FUR VARLABLES AT PUILNT 3,
1 X32(R2 « R1 ¢ X1%TAN (DIFF13) = X29TAN (SuUM23))/
1 (TAN (DIFF13) = VAN (5UM23))
HIZ(R1 ¢ (X3 « X1)STAN (D1FF13))
COO083TEST AND EVALUATION FUR HORIZONTAL 1 OR I1 CHARACIEHRISTICS,
IF(ABS (UIFF13)=1,0E=3) 2,2,)
CevseeopOR 1 HORIZONTAL,
2 PHROD13I=HUCOEF (R1J,FEMS13,THETII,ALPHED)I®(XI=X1)
GO T0 ¢
3 PROD13=QCOEFF(1,RIS,EMS13, THETI I, ALPHL3)*(RI=KY)

WA

4 IF(ARS (SUW23)=1.0E=3) 5,5,8 -
CoossoFOR 11 HURIZUNTAL, s
. 5 PROD2ISHACOLF (R23,EMS23,THET2I,ALPH23)¢(X3=X2) o
|- Gn 10 7 >l
i 6 PROD2IBUCUEFF(2,R23,k#523, THET23,ALPH23)#(HI=R2) o
!ﬁ: C#9990CALCULATION UF FLUw VARIARLES A% PUINT 3,

7 THETIS(PLIICTHETE ¢ P2301rpT2 ¢ PRIDLY = PRIWZ2I ¢ FeS1 = £4aS2)/
1 (PL13eP2)) .
FuSISFNS]) « PLIC(THELIITHETL) o K¥ODY)

L
[

L-‘ . .'.. -
h - NIFFMS = (EMS3I=SAVE])/SAVEY R
. "'..-
.. o
Q.n ‘-: -
f = Y
- AR
b o
- RN
S B-38 e
o

1




)
-

[ g%
. e

NEARAS 1

L

1

ARA DA MAGLER SRR Tt Fod Bl 0 2y 0 ) A 8'a 30 S i Rl tai Tateatatorad ok tal Sl il Sad Al T S ARG ELL AL AL L A ST ARSI MR AR AR ALl AL o 4-

R
SRR D W)

TP (R S LT, 1.0 JUk, (EWS4,GT ErEMAK)) qu TU 1]
1» (ANS (UVIF¥FMS) LLE, 1,0t=4) GU TU 12

11 NCHUNT=NCUUsT e
IF(NCULNT ,GT ,NCI4aK) GU [0 12
SAVF]l = ENMS)
R1I=AVGEINRY ,R)D)
R2IIAVLF(KR?,RI)

LYS) IZAVGE (KNS ,FNHS))
EMS23=AVGE(FMS2,E¥S))
THETIISAVGE (THET! , THETI)
THET232AVGF (THETZ, THED D)
ALPHI ISALPHAF(EWS13,GAMMA)
ALFH2ISALPHAF (FNS2),GAMMA)
P13=2PCOEFF(EMST13,ALPHLI)
P2IPCUEFF(EMS23,ALPH2]I)
DIFFIIZTHET) J-ALPHL)
SUM238THET23¢ALPH2)

GO0 10 1

12 P3Ly) =2 %)
P3I(2)=R]
P3(3)=LMS)
PI(4)2THET]
1FINCOUNT ,GT, NCIMAX) wRITE (3,920) NCOUNT,DIFF4S

Y20 FOUWRMAT(/, S5X,3S5H *9% CONVERGENCE ERRUR IN srPS¢, ( ,I13,2H , ,

1 E10,3,6H ) ¢0s /)
RETURN

13 NERKUR=~]
wRITE (3,14)
34 FURMAT(/7,23%,29% 868 ERROR IN sFPSS CALC, *3%¢ /7/)
RETURN
END
SUBROQUTINE APS (GAMMA,P2,P3,NERRUR)

SEOSBAXISYMMETRIC AXIS POINT SUBROUTINF (APS)

FOR THIS SURROHTINE, THE UNKNOWN PUINT 3 1S UN [HE AXIS,
THE KANOWN POLNT 2 AND THE UNKNOeN PUINT 3 ARE ALONG FAMLILY I,

SOSVARIABLESSSS

GAMMA = RAT10 OF SPECIFIC HEATS,

P1(J) = JeoTH FLOW VARIABLE AT THF POINT 1 WHERE I=1,2,UR 3,

P2(J),J21,4 = FL,LOs VARIABLES AT KNOwWN POINT 2,

P3(J),J31,4 8 FLUw VARIABLES AT THE UNKNOWH PUINE 3,

THE J SUBSCRIPI INDICATES THE PULLUWING VARIARLESe=e
Jz1 CORRESPONLS TO X, o
Jx2 CURKRESPONDS TO P, -
Ju3 CORKLSPUNDS TO MACH STAR (FrS), -
Jue¢ COKNESPUNDS TU THETA IN RADIAHS (THET), e

NLRROR = =1, ERRUR IN CALCULATION, -

8 0, CALCULATION O,k,

e 4_a_a

ANNNANNNANNNONNONNANANN

ha AP
P

DIMFEMSION P2(5), PI(S)
ALPHAF (ENSTAR,GAMMA)SATAN (SUKRT((1,0 = ((GCAMMA=],0)/(GAMMAGL 1))
1 SLEMSTAKS®2))/(r.NSTAKRSS2=),0)))

AVGF(A,B8) 8 (A ¢ H)/2,0

PCOEPF(EMSTIAR ) ALPHA )SENSTARSTAL (ALPHA)

QCUEFF(NPUINT ,RADIUS ,EMS'TAR, THFTA ,ALPHA)S((EMSTAR/KANTLS)S

1 (TAN (ALPHA)SE2)01AN (THETA)I/(TAN (INETA) ¢ ((=]),0)00upyIn))e

B-39

O O T SR B S T S ~ . e et et
B S,

EURETY . . - - -'c"".-..l‘i'.‘..'v'i'<.l-
PATIRT IR WA RS PRI NI Ui I . TS A U VRN PRIV Sy .S




C
C

C

C

C

nAnNOanNnNnANNNnnNnn

2 1AM (ALPHA))
sesesNPUINT IN  QCUBFF() INDICATES THE KNUIWN PUINT REING USED==] OW 2,
#0888 MRUR FLAG SLT,

NCUUNT = O

NCTUAX=]S

NERKOR=2(

EMSMAXZSURT ((GAYMAGL,0)/(GAMMA=] 0))
$8880KNNIWN INPUT DATA FUR POINTS 2 AND 1,

x22P2(1)

R22PL(2)

ENS23P2(3)

THET22P2(4)

RP3=0,0

THETI=0,0

$8002FUR INITIAL ESTIMATE UF AVERAGE VALUFS WFTWEEHR POINTS 2 AND 3, -

EMSISEMS2
R23=AVGF(R2,R))
THET232AVGE (THET2,THET))
GO TV S
$8840ITERATIUN FOR VARUAHLES AT POINT 3,

1 X3zx2 = (R2/TAN (SUM23))
EMS33EMSZ =« P23ISTHET2 = Q23%R2
DIFFNS = (EMS3=SAVE])/SAVEL
IFC((EMSI LT 1.0) Ok, (EMSI,GT . FEMSMAX)) GN TO 7
IF(ABS(DIFFMS) .LE, 1,0E=¢) GO TU &

S NCUUNTSNCOUNT+1?
1F (NCUUNT ,CT NCTMAX) GO TU &
SAVEIZENS])
EMS2IZAVGF(eMS2,EMS])
ALPH232ALPHAF(E®S23,GAMMA)
SUM23=THET23+ALPH2)
P23zPCUEFF(EMS2)3,ALPH2])
Q232QCUEFF(2,R2),ENS23,THET23,ALPH2Y)
GO T0 1}

6 PI(1)=x)
P3(2)8R}
P3(3)2FNS)
PI(4)STHET)
IF(NCOUNT ,GT, NCIMAX) WRITF (3,60) NCUUNT,DIFFMS
00 FORMRAT(/, SX,3ISH %08 CUNVERGENCE ELRROR IN ¢APSe, ( ,I13,2H , ,
3 E10,3,6M4 ) s8¢ /)
RETURN

7 NERRURs=)
wRITE (3,8)
8 PFORMAT(//,23X,29H ¢8¢ ERROR IN sApS® CALC, %8s //)
RETURN
END .
SUBROUTINE CPBS(GAmMA, PI1, P2, P3, NFRROR)

$SF0SAXISYMMETRIC CONSTANT PRESSURE BUOUNDARY SUWRUUTLME (CPBS) .

PUINTS 2 AND 3 ARE UM THE SAME CONSTANT PRESSUNE AUUNDARY,
POINTS 1 AND 3 ARE ASSUMED CNUNECTFD BY FAMILY 1,

SISVARIABLES®SS
GAMMA = WATIO0.UF SPRCIFIC HEATS,
PI(J) & J=oTH FLUw VARIABLE AT THE PUOINT I «HEKF [=21,2,0R 3,

P1(J) AND P2(J),JUB1,4 & FLUW VARIANIFES AT KxUah PIOINTS {1 Ann 2,
PI(J)odB1,4 = FLUG VARLIABLED AT THF UNRHEIIad POLINE 3,
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Ll

THE J SURSCRIPT 14DICAILS THt FOLLUMING VARIAHLESe-e
Jz1 CORKESPUNDS TO X,
Jz2 CURKESPONLS TO R,
Jz3) CORRESPUNDS TU MACH STAR (FMS).
Ja4 CURKESPUNUS T THETA Iv RADIANS (THET),
NERRUK = =1, ERKUR [N CALCULATION,
z 0, CALCULATIUN O,K,

nnnannnann

DIPENSTIUN PL(S), P2(5), PI(S)
ALPHAFLEMSTAR,GAMAA)SATAN (SURT((1,0 = ((GAMMA=L,N)/(GAMMAS],0))
1 O(EMSTAN?$2))/(LMNSTANES2=1,0)))
AVGE(A,R) 3 (A ¢ B)/2,0
PCUOEFF(ENSTAR,ALPHA)IZEMSTARSTAN (ALPHA)
HOCUEF (RADIUS ,EMSEAR,THETA,ALPHA)S((EMSTAR/RAVDIUS)STAN (ALPHA)S
1 SIN (ALPHA)SSIN (THETA))
QCOLFF(NPUINT ,RAVDIUS,EMSTAR, THETA ,ALPHA)S((ENMSTAR/RADIUS) S
1 (TAN (ALPHA)S*2)8TAN (THETA))/(TAN (THETA) ¢ ((=1,0)%9NPUINT)®
2 TAN (ALPHA))
CoososPUINT IN QCOEFF() InNDICATES THE KNOwWN POINT BEING USED==1 OK 4,
CoSOvSERROR FLAG SET,
NCOUNT=0
NCIMAXZ]S
NERKUR=0
CosvssknUWN INPUT DATA FRON POLINTS | AND 2,
X1=2P1(1)
R12P1(2)
ErS1=P1(3)
THET12P1(4)

x2=2pP2(1)
K22P2(2)
EMS22P2(J)
THLT23P2(4)
Ce883SFUR INITIAL LSTIMATE OF AVERAGE VALUES RFETWEEN PUINTS 1=3 AND 2-3,
RISAVGF(R1,R2)
THETISAVGF (THET?1,THET2)
Co®¢9sSINCE PUINTS 2 AND 3 ARE ON THF SAME CONSTANT PRESSURE BUOUNDARY,
EMSIZENS2
EnSL1I=mAVGE(FEMS],ENS]Y)
AUPHI I=ALPHAF (ENS13,GAMMA)
P13sPCOLFF(ENS1I,ALPHL])
GO TU o
COss981TERATION FUR VARIABLES AT POINT 3,
1 X32(R) = R2 ¢ X2STAN (THET23) = XJ®TAN (DIFF13))/
1 (TAN (1HLT23) = TAN (DIFF13))
RI=(M]l ¢ (X3 = X1)&TAN (D1FF13))
SIGN = RJISSAVE])
CessosIF SIGN 183 NEGATIVE OR LERO, AN LRHOR HAS UCCUKRED,
IF(SIGN) §,8,2
CO®SO8TEST AND EVALUATION FUN HURIZONTAL I-CHARACTERISCIC,
CSe888F0R 1 HORIZONTAL,
2 1F(ABS (D1FF13)~1,0E-3) 3,),4
3 PRODIISHOCOUEF (W1J,euS13,THETII,ALPHIZ)I®(XI=X1)
GO TU S
4 PRODII=UCURFF(1,R13,EMS1I, THFETIIALPHIY)IS(RI=R])
S THETIS(THETL = ((EM3)=pMS1=PRI'DII)/PL]I))
UDIFFTS(THMETI=SAVE2)/SAVE2
IF(ABS(LIFPT) ,LE, 1,0E=4) GO TU 7

© NCOUNTENCUUNT#]
IF(NCOUNT ,GT NCTMAX) LU TO 7
SAVE1aR)
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2 =
:" AN
o SAVE 28THEL ) LN
R1IZAVGF(RI,R) E
THET S IZAVGF (THETL, THET ) roe,
UIFF133TUE T I=ALFHI) "ﬂ
X Q13=UCULEF(L,R13,E4S513,THETI3,ALPHLD)
;c THET232AVGE (THET2,1HET3)
> GO TU 1
c
7 PI(1)=X)
PIC2)2R)
g P3(3)3ENS) ¥
N PI(4)2THET] S
o IF(NCUUNT ,GT, NCTMAX) &RITF (3,70) HCOUNT,DIFFT 2N\

*
Y

70 FORMAT(/, SX,36H *%% CUNVERGENCF ERROR IN «CPBSS, ( ,13,20 , , -
1 F£10,3,6H ) se¢ /)
RETURN

v r .
,
e e
L
P ]

TR

-
a ok

Ty

s
¢

NERROR=z=}
»PITE (3,9) .
L 9 FOUKMAT(//,23X,30H %3¢ ERROR IN SCPRS¢ CALC, *¢¢ //) =
RETURN “
- END

L SUBROUTINE QUTPUT(GAMMA,EMS] ,PRATIO,RETA,NPRINT,NFLUW)
.- c
- Cos389SUBRUUTINE PRINTS INPUT AND SUME OUTPUT DATA, AND COL, HEADINGS
i‘ c VO THE ARLISYMMETRIC CUNSTANT PRESSURE BOUNUARY SUBPROGRAN,

- (o

g EMNPRF(PR,GAMMA )ISSURT((2,0/(GAMMA=],0))*

&N 1 (PROS (2 (GAMMAS] ,0)/GAMMAY=1,0))

o EMSMNF (EMN,GAMMA)2SQART (0,55 (GANNAG]L ,0)F(EANS®S2))/

1 (1,000,58(GANMA=] 0)S(ENNES2)) )

EMNMSF(EMS ,CAMMA)SSORT(((2,0¢(EXS®*92))/(GCAMMA+L1,0))/

1 (1.0=((GARMA~L,0)/(GAMMASL,0))e(ENS*?2)) )

LF{(NPRINT) 70,70,10

10 MHETADEST7,295779S8%BETA
EMN] = EMNMSF(EMS],GAMMA)
EMN2SEMNPRF (PRATIO, GAMMA)
FMS2SENSHUNF (EMNZ,GAMMA)
GO TO (20,%0), NFLOW

20 IF(ABS (BeTA)=ti, l0t=4) 30,30,40
30 wRITE (3,100) GAmMA, BETAD, EMN1, PRATIU,

PRATIO, FMN2, EMS2
100 FORMAT(IW1, /77, 231X, 31H CONSTANT PRESSURE JET BUUNDARY 7/,

1 19X, 36H FOR INITIALLY UNIFURR AXI=SYMNMETRIC /,

2 24X, 25H SUPERSUNIC INTERNAL FLUw //, N
3 28%, 17H SssINPUT DATA®Se //, . S
4 7%, 9H GAWaA = FS,), 24X, 1SH BETA (DFG.) = F10,6 7/, :
S TX, 12H MACH NO, = F9,.6, 17X, 8K P/PU = FB,6 //, o
6 22X, 27H *$sBOUNDARY UUTPUT DATASSs 7/, T
7 7X,6H P/PO = FB,6,3X,11H RACH M), 3F9,b,3X,12H YACH STAK 2FY,6//, R
® X, 24 X, 27X, 2M R, 23X, 13H THELTA (D¥G,) /) oy

c o
GO0 TU 70 S
c Rk
40 wRITE (3,101) GAMMA, FETAN, FWN1, PRATLU, =
3 VRATIU, EFN2, P4S2 oy
100 FURMAT(INY, 777, 21K, 31H CUNSTANT PRFSRZNRE JEL RIKDARY /, R
1 19X, 36H FOR INITIALLY CUNJCAL AXT=SYHMEINLC /, el
2 24X, 258 SUPEWSUNIC INTERNAL FLUE /7, -
) 20X, 17H 880 1APUT DATASSES //, (S
[
\‘}\:
e
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4 Th, IN GLamud = Ph,3, 24X, 1SH META (DEG,) = Flu,n /7,
S Th, J2H MACH N1, = PS,0, 170, HH P/FUL 3 FH .6 //,
b 22X, 21 e RUUNDARY LWUTPUL NATAsSs //,
7 IX,uH P/PU 2 PH 0, X, 11H HACH WU, 3FY,6,3X,12H 1ACH STAR 2¥9,h//,
¥ X, 2 X, 27X, 24 K, 23Xk, 13H NHETA (UFG,} /)

[

G TO 10
C
S50 wRITE (3,102) GCAmMMA, BFTAD, BNy, PRATL,

1 PRATIU, #PN2, £EMS2

102 FURMAT(INL, /77, 21X, 31H CHONSTANT PRISSUKE JETF A JuDARY 7/,

1 19X, 36H FOR INLFLALLY UNIFURM AXT-SYMMFTRIC /,
2 24X, 295H SUPKRSUNIC EXTERNAL klLuw //,
) 2PX, 1TH SssJuPUT DATASSs //,
4 TX, YH GAuwA = FS5,3, 24X, 15H BLTA (I'FG,) = Fl0,0 //,
S IX, 12H MACH NU, 3 F9,6, 17X, 6H P/P() = FH,b //,
6 22X, 27H $ssROUNUVARY UUTPUT LATASSSs //,
7 1X,8H P/P0 = FB,6,3X,11H MACH NU, 3F9,6,3K,12H YACH STAR =F9,6//,
8 Ix, 20 X, 27X, 2H R, 23X, 13N THFTA (DFG,) /)
C
70 RETURN
£ND
SUBKOUTINE TEST(WULNI,NSIMT ,HFLOw,N,HPTS)
C
CSs®83S{IARNUTINE STUPS CALCULATIUNS AND HETHRNS [0 THE 9MASTER JF e=e
C 1¢ THE INTERNAL BUUSDARY RADIUS EXCEEDS RLMT UR JF THE JET
C RQUNDARY ANGLE CHANGES SIGH,
C 2. THE EXTERNAL HUUNDARY RADIUS 1S LESS THAN RLAT,
(o .
DIMENSION BPTS(S5,30)
C
GU TO (10,30), NFLUw
C
10 IF(HRPTS(2,NM)=RLMT) 2v,5%0,50
C
20 IF(BPTS(4,N=]1)*BPTS(4,N)) 50,50,40
C
30 IF(RFIS(Z,N)=RLMT) 50,50,40
C
40 NSTuTs]
GO T0 60
C
S0 NSTHTs2
60 RETUKN
END
SUKBROUTINE SLIP(EMS],THETA] ,GAMMAL ,EMNS2,THETA2,GANMA2,
1 THETAS,MSTOP)
C
C THIS SUBRUUTINE CALCULATES THE SLIPLINMF ANGLE FUR THE
C OBLIGUE SHOCK PECUMPRESSIUN SYSTEMN wHICH UCCUkD AT THE
(o IMPINGRENT POINT OF Twl) SUPERSHINIC STREANMS IF IT EX1STS,
C ONE UF THE SHUCKS MAY BE A STRONG SHICK,
[of
Cc SUBHUTINE KEQURIRLD=eeaSTSHA
(o
C SSOSVARIARLESYS e
C
C EnS] 8% MACH STAR UF STREAW 3,
C THETA] = FLDs AnGLE UF STREAM 1,
C GAMMAL = RATIU OF SPRCIFIC HEATS Frin STHbam |,
C DELT! 8 SHICR TUKRNING ANGLE FOK STWeam 3,
C DOELTS = TURNING ANGLE USNIVATIVE UF STHtAm |,
c (X I.¥] s MACH SFANM (b STkbam 2,
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"o c THFTA2 3 FLOW ANGLE UF STHEA® 2,
c GARMA2 B RATIU UF SPFCIFIC MPATS FUR STHEAN 2,
C DELT2 & SHUCK TUKNING ANGLE FOR STHEAM 2,
N c DUELT2 = 1URNING ANGLE DLRIVATIVE OF STHFAY 2,
N c THFTAS = SLIPLINE ANGLE
r.: c NSTOP = 1, FUR A SULUTION
A c s ), FOR NO SULUIIUN
15 c
o 4 SUCE THAT THETAL 1S ASSUMED LARGEK THAM THETA2,
(o
II EYNMSF(ENS,GAMMA)ESGRT((2,0/7(GAMMAS) ,0) )0 (LNS892)/ LD
Y 101 Do (GANNA=]L U}/ (GAMMAGL,0))8(ERS5982))) .1$x
. c e
g c CALCULATIUN OF THE MAXT®UM TUMNING ANGLE FOR A GIVEN . .=}f
c APPRUACH MACH NUMBER AND GAMMAZ MACA R=1135,F0,1068, e
c e
SINWA2(ENN,GAMMA)Z (0, 25/ (GAMMAS (ENNEE2)) )2 ((GAMMNASLL, N)E £ )
1(EMn982)=4,0050RT((GAMMA®L,0)8((CAUMAS],0)S(ENNSS4)e8,08 - k

2(GCANMA=],0)8(EMNS¢2)416,0)))

SINWA2 CALCULATES THE SINE UF THE SHUCK wAVE AWGLF SQUARED IR
FOR MAXIMUM STREAM DEFLECTION HENIND THE SHOCK (FuN 166) PR

nOorn

DELTAM(EMN ,GANNA,SIN2WA)SATAN ((2,N¢SORT((1,0=SIN2«A)/SIN2¥A)
1SC(EMNES2)28IN20AL,0)) /(2,00 (EMNIP2)S(GAMMAS]L,U=2,005)N2wA)))

DFRLTAM CALCULATES THE MAXIMUM TUNMING ANGLE GIVEN THE
APPRUACH AACH NUMKER GAMMA AND THE SINE SQUUARED OF THE wAVE
ANGLE,SIN2wA,FON THF NMAXINUM DEFLECTION (EQN 139A),

ANMNNaN

PROSHK (EMN ,STH2WA ,GAMMA)S(2,USGANMA® (EMNS®2)FSIN24AGAMMA
1 ¢1,0)/7(GAMMALL,0)

PROSHK CALCULATES THE STATIC PRFSSURE RISE FUR AW UBLIVVE
SHUCK GIVEN THE APPROACH MACH NUMHFR, THF SINE SOUARED UF
THE wAVE ANGLE AND GAMMA (EUN §28)

nanNNn

NIT=0

NITMAX s 1S

EMNIZEMNRSF(EMS] ,GAMMAL)
DELTIYSOELIAM(EMN] ,GANMAYL ,SINWA2(EMK] ,GAMNAL))
PRMAXI® PHOSHK(EMN],SINwWAZ(ENMN],GAMMAL),GARNAL)
EMN2 8 ERNMNSFIEMRS2,GANMAZ)

DELT2M = OELTAM(EMN2,GAMMA2,SINWAZ(EMN2,GAMMAZ))
PREARZ = PRUOSHK(EMNZ,SINWA2(FMN2,0AMMAR) ,GANMAZ)
IF((THETAL=THETAZ) GCT, (DELTIMeCELT2M)) GU TU 600

DETERMINE WwHICH STREAM [S THE wEAR STREAM
IF(PRMAX]1 = PRMAX2)100,100,110

STREAM 1 1S THE wEAR SIREAM

ana nan

100 PRSSA & PRMAXY
PR} s FRSSA
DEL) = DELTIM
PRANS 8 (L, 0SCAMWMALSEMNLISEZ « GAPMAYL o 1,.0)/7(0GAM4AYSL D)
GO TV 120
C STREAM 2 1S THE eEAKPN STREAM

110 PRSSA s PRmaAX?
PR} s PKSSA
DFLE = VELT2w
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129

130

140

150

160

170
500

200

210

220

230

PRENS = (2,00GAMMNA2IEMN2O82aCAMMAZ4] 1}/ (GAYMALZYE D)

CALCULATE THE MAKImuUM [UTAL STPLAM TURNING ANGLE sY A
NUMERICAL INTERACTIUN PRUCEDUKE

1CUUNT = |

CALL STSHK(PRSSA,LMNL,GAMMAL ,DELTL,NDELTY)
CALL STSHK(PRSSA,EMW2,GAMMAZ ,DLLT2,NDELT2)
VDELTA = DELTI ¢ UELT2

DTHELA = THEfLA) = THETA2

DOLTTA = LDELTL ¢ DPOELTR

FIDDEL = DULLITA

PHRSSB 3 PRSSA ¢+ (PRANS = PRSSA)/2,0

IF (UTHETA « UELTA) 22,160,130

WHEM SHUCK TURNING ANGLES FDOR mMAX, DFFLFCTIUN UF THE wWEAK
STREAM ARF$ (A) GKEATER THAN THE STRAMLINE ANGLES A #EAK
SHUCK SULUTION EX1STS3 (B) LESS THANM THE STREAMLINE ANGLES
A STRONG SOLUTION SUUGHT,

ICOUNT ZJCOUNT ¢ )

CALL STSHK(PHSSB,EMN1,GAMMAL ,DELTI,DDELTY)
CALL STSHK(PRSSH,EMN2,GAMMA2,DELT2,DVLELT2)
F200EL = OLELTL ¢ ODELTZ

1¥ (ABS(F20ULEL) ~1,VE-5) 150,150,140

PRSSC 8 PRSSB=F20VEL®*(PNSSB=PRSSA)/(F2DDEL=FIVVEIL)
PRSSA = PRSSB

PRSSR 3 PRSSC

FIDVEL® F20DEL

1F(ICOUNT =15) 130,130,370

DELMAX s DFLT1 ¢+ DELT2

IM1S COMPLETES THE INTERACTIUN LUUP TU DETERMINE THE MAXIMUM

TURNING CAPARILITY OF 1HE THO STREASKS,

1F(DLLMAX=DTHETA) 600,160,200
THETAS & THETAL = DELTIL
NSTOP = |
RETURN

WRITE(3,%00)1COUNT,F2D0EL,PRSSES
FORMAT(*1"',%X,*¢8SCONVERGENCE ERROR 1M SLIP,LUOPY ('13,
SX,F10,0,5X,F10,06, * ) ses!)

IF((OELTL + DeLT2 ) = DTHETA) 600,160,200

BEGIN IFERATION LUOP FUR SLIP LINE ANGLE

NIT =

IFCABS(DVELTI+PDELT2) L LE, 1,0E=6) GU TO 160
IF (DELTA = DIWETA) 210,210,220

FIUEL & VELTA = UTNFTA

PR2 8 PR]1 «FIDEL/DOLTTA

G0 TO 230

NlT = 1

PR1 3 1,0 ¢ DIHETAS(Pki=],v)/DFLIA

CALL STSAR (PRI ,EMNL,GAMMAL,DFL]L,DDELTY)
CALL STSHA (PRI, EMN2,GARMAZ,DELTZ2,PDFLTY)
IF(ABS(UVELTI+OVELT2) (LEe L1,0F=0) GU TL LAY
*10EL 5 DELTL ¢ VELT2 = UTHFTA

PR2 8 PR) « FLIDEL/(DDELT] ¢ DhDELT2)

NIT ® NIT o |

CALL STOHR(PRZ,ENND ,GARBAL,DPLT ), DT
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CAlL SISHK(PRZ2,LAIZ2,GAMMAR,PELT2,D0ELT2)
IF(ABSIDULLTL¢PVELTL) LE. 1,UF~0) uil T lo0
F2NEL = VDELT] ¢ DELT2 « UTHETA
IF(ABS(FLDFEL) = 1,0L-5)250,7250,240
240 PH2 ® PHR2<FDFL/(DLELT) ¢+ DIELT2)
IF(NIT = NITAAX)230,230,200
250 THFTIAS = THETAY = DelLTt
NSTOP =
RETURN

260 THFTAS 8 THETA] = ULLT]
NSTUP = |
wRITE(3,510) NIT,F20FL,PR2
S10  FORMAT(YL',S5%,'SosCONVERGENCE FEPRUR IN SLIP, (%,13, 2(5X,FiD,b
1), ' )esey
RETURN

600 NSTOP = )
WRITE(3,700)
700 FURMAT(1SX,48H #80SOLUTIUN FUR SLIPLINE ANGLE DUFSN'T EX1STess
1 77)
RETURN
END
SUBROUTINE STSHK(PNSS,EMN,GAMMA,DELT,DNELT)

TH1S SUBROUTINE CALCULATES THE OBLIQUE TURNING ANGLE AND
ITS DERIVATIVE AS A FUNCTIUN O THFE PRESSURE RATIV
ACCRUSS THE SHUCK,

PRSS = PRESURE RATIO ACROSS THE SHOCK,
EAN 8 MACH NUMHER UPSTREAM OF THE SHNCK.
GAMMA 3 RATIO OF THE SPECIFIC MWEATS,

DELT = STREAMLINE TURNING ANGLE,

DDELT = DFRIVATIVE OF THE TURNING ANGLE

nNNNNNNNNAN

AS(2,08GAMMASEMNSO2CAMNMA®]) ,O=(GAMNMA ¢1,0)*PRSS)/((GAMNA
1 #1,0)°PRSSe GANRA <« | ,0)

BE((PRSS = 1,0)/(GAMMASLANSS2<-FRSS ¢1,0))*SURT(A)

DELT = ATAN(SB)

COMPUTATION OF THE DERIVATIVE

nonN

CEA/(GAMMASENNS®2=PRSS¢],0) ~ (GAMMA ¢ 1,0)8(PRSS=}1,0)/(((
1 GAMMA $1,D)SPRSS ¢ GANSA = 1,0)802)
= DDELT = (1,0/(1,008882)) & ((GANMASEMN®S2)/(GAMMASENNSSD
= 1 =PRSS+1,0))¢(1,0/SORT(A))*C
- WETURN
s END
™ FUNCTION PRSHK(EMSIAR, DELTA, GAMMA}
o
f1 Cos09s0UBLIVVUE SHUCK FUNCTION (REFEKENCE NACA R=113%)

THIS FUNCTION CALCULATES THE STATIC PRESSURE RAPIJ ACKRUSS AN
OBLIWUE SHOCK (wEAK SULUTIUN) GIVEN THF AVPRUACH 4aCn STAP AND
THE TURNING ANGLE (In HADLANS),

SSSVARIABLFSOee

FNSTAR 8 APPRUACH mACH STAR (M¢ = y/Co),

DELTA = TUNRNIANG ANGLE (LN RADIAANS),

GAmmA = RATIVU OF SPECIFIC heAYS,

PRSHK 3 FINAL TU APPRUACH STATIC PPPSSUKE KATEN,

ANANHKANAOAON

B-46

P I T e T e . o
8 LY P S P T S T P T T S W TR T o
A P e e e T et T :

g
.

Sy
Yt
.
e

& TW
4.

v ;ﬁ}

PR

L

A,




> LS

C
C

LCA, 2y %y 4 % 4

DIMENSION Y3
CoS98SLQUATION COEFFICIENT FUNCTIUNS,

CUNSTB (EMSUD,UFLTA,GAMMA) B «(EMSOD ¢ 2,0)/EMSY) =

1 GAMMAS(SIN (OELTA)®s2)

CUNSTC (EMSUD,DELTA,GAMMA) B (2,08EMSON ¢ 1,0)/7(ENSQYUSS2) o

1 (C(GAMMA ¢ 1,0)082)/74,0 ¢ (GAMMA = 1,N)/EMSUD)®(SIN (VELTA)®82)

CUNSTD (EMSUOD,DELIA) 3 =(CHS (DELTA)®$2)/(FASULee2)

EMNSUD (EMS,GAMMA)R(2,0/(GAYMAGY,U))IS(ENSI82)/(1,0

1 «((GAMMAS] 1)/ (GAMMASL ,0))s(EPS682))

i".’.'i.’.'.'. .

C
EM2EMNSUD (EMSTAR,GAMMA)

Cee3s2SOLULIUN UF CUBLIC EQUATION FUR wAVE AHGLF SUUARED,
A3 (1,0/3,0)8(3,0%CUNSTC (EN2,DELTA,GAMMA) =
1 (CONSTB (Em2,DELTA,GAMMA))S2)
B3 (1,0/27,0)8(2.,U*(CUNSTU (FM2,DELTA,GAMMA)SS)) =
1 9,0%(CUNSTB (FM2,DeLTA,GAMMA))O(CUNSTC (eM2,DELTA,GAMMA)) o

. 2 27.0%CUNSTD (EmM2,DELIA))
COSPMLl = ( «8/72,0)/7SURT( =(A%®3)/27,0)
IF(ABS (COSPH1) = 1,0) 20,20,10
10 FPRSHK = 0,0

e

S
.
~
I~
!
»
o
N,
-

., HETUKRN
L C
o 20 PHI = (ATAN (SGRT(1,0 = CUSPHI®#2)/CUSPH1))
- ¥ (’dl) 1.2.2
P 1 FHI = PHL ¢ 3,14159)
2 00 3 I=x1,3 X
. Al = 1 YA
- Cessesy(1) IS THE SINE SUUARED OF THE wAVE ANGLE, LA
o 3 Y(1) ® 2,00SQKT(=4/3,0)¢C0S (PHI/3,0 ¢ (AI=1,0)%2,094395) = M
2 1 CUNSTR (EN2,DELTA,GAMNA)/3,0 Ry
- Co*sseTHE RUOTS UF THE CUBIC EON WILL NUW RE ARRANGED IN ASCENDING Ny
. c ORDER, THAT 1S, Y(1) ULESS THAN Y(2) LESS [HANM Y(1), RN
c W
P06 £31,2 b
N=] ¢} .
DU S JEN,d "3

o' A

IFCY(L1)=Y(J)) 9,5,¢
4 SAvVE 3 Y(V)
Y(J)y = Y1)
Y(1l) 3 SAVE
S CONTINUE
6 CUNTINUE
Cos989THE NUUT CORKESPUNDING TO THE WEAR SULUTION (S Y(2) AND

,<....
P R I
(]
DA

v vV v ¥ ¥ ¥V 7
. O A

L g
Lt
2, e

C THE RUUT CORRESPUNDING TO THE STRUNG SOLUTLON 1S ¥(3),

2 C Y(1) IS THE SOQUARE OF THE SINE UF THE SHUCK ANGLE (SIGMA), -
YL, c N
- 182 S
) PRSHK 8 (2,08GAMMAOELM28Y(]1) = (GAMMA = 1,0))/(GAMNA ¢ 1,0) S
‘ . RETURN -,
— END
- SUBRUUTINE TEGRAL(PHID,CSQD, THAL,FILJ,FE1IN,ELI3J,ETIV,FTAJ, AN
: 1 PHIV,EL2J) R
y“_ c . . i
.. Ce8e08THIS SUBRUUTINE CALCULATES THE TUFHRULENT JET MLXING INTEGRALS, N
- c ' AR
. C SSOVARIABLESSSS RS
if c
~ C PHID 8 DISCRIMINATING STRFAMLIKE VELNCITY RATIUL,

e C CSUD. & FREL-STREAM CRUCCU NUMBER SOVAKFD,
v C TRBU & BASE TO FREL=STREAM STAGNATLIUN THPPELRATUNE KATQU,
t{ ¢ E11J 8 SIAING INTPGRAL 1 FUF g STREAMLIAE,

¥

L4

s
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C EI1D = %1XING INTECKAL 1 FUR D STREAMLINE,

C F13J = MIXING INTEGRAL 3 FUR J STHREAML]INE,

C t130 = MIXING INTFGRAL 3 FUF D STRFAMLINE,

C PHIL = DUMPY VAKIAKLE FUR THF PUNCTLUN STATEMEWTS,
C TROL = DUMwY VARIABLE PUR THE FUNCTION STATahwn[S,
C

C

UIMENSIUN  TRU(3ISU),11(350),F121350),F13(350)

CUNMMUON  /ERFYP/ PHI(3%0)

TINIF(PHIT,CSND,FR01) = PHIL/(1kUL=CSUDS(PHILLE%2))

TIM2F(PH11,CSGD,TRUL) = (PHI1992)/(TRUL«CSUDS(PHIL**2))

TJMIE(PHLL ,CSUL,TRUY) = (PHI1$TRUL)/(TRUI=CSUD*(PHIL*22))
C$¢88$THF ERRUR FUNCTIUN VELUCITY PROFILE, PHI(T), 1S INITIALIZED IN

C SYLUCK OATAS AND STURED IN LARLLED COMMON SENFVPE, PHI(I) 1S

C GIVEN FUR 131,350 VALUELS OF ETA IN THE RANGE UF ETAZ=3,5 TU

o ETA=3.5 1M INCRELMENTS UP DFETAS0,02,

Ce888S INCREMEWT SIZE AND INITIAL VALUFS AT (ETA R8) ARE SPRCItIEU HERE,
EPS=L110

DeTA = G,02
TRU(!) = 1R8O
El11(1) = 0,0
£E12(1) = 0,0
E13C1) = 0,0
Cee9¢3CALCULATIUN OF THE MIXING TARLE BY THE TRAPEZOIDAL RULE,
DO 2 I=31,349
TRO(I®}) & (TRBU ¢ (1,0=TRBO)}®PhI(l+1))
F11(1e1) = FI1(1) ¢ O, S¥(TINIF(PHI(1+1),CSOL,TRU(L+1)) ¢+
1 TJIMLF(PHE(1),CSUD,TRU(I)))SDETA
EI20I¢1) = EL12C1) ¢ 0,958 (TUM2F(PHI(141),CSUD,TRO(X¢1)) o

1 TJIM2F(PHI(1),CSQD,TROCI)}))®DETA

E13C1¢1) = EL3(L) ¢ O,S*(TUMIF(PHI(L+)),CSUD,TRU(I+1)) o
1 TUMIF(PHIL]),CSUD,TRU(I)))*OLETA

J s 3et

IF(PHI(J) LT, (NP,25)) GO TO 2
IF(ABS(1,0e((ELI(J)=EI2(J))Z7(ET1(1)=FT12(1)})).LE.1.0E=04) G} TO 3
2 CUNTINUE
Ce8s80DFTERMNINE THE Je AND USTREAMLINE VALUES UF THE INTEGRALS,
3 E11V s El1QJ) = EL2QV)
CsssesTABLE SEARCH AND INIEKPULATIUN FUR E13J,
00 4 1s81,J
IF(ELIN(1) ,GT, EILJ) GU TU S
4 COUNTINUE
S EI3J 3 £43C1=1) ¢ ((E1ICI)=EI3(1=1))/(ELI(1)=ELL(1=})))®
1 (E11J=E11(1e1))
E12J ® E12(1~1) ¢ ((RI2CI)=EN12(1=1))/(E1L(1)=ELL(L=1)))"
| (E11J=El1t1=1))
PHIJEZPNI(1=1) ¢((PHICI)=PHI(I=1))/(ET1(1)=E1L(L=1)))>
1 (EL1J=EI1(1=1))
ETAUSFLUAT(I°2) ¢ VETAS(DETA/Z(ELIN(T)=EIL(I"1)))8
1 (EINJ=ET1(1=1))=),%
Co8S88TABLE SEARCH AND INTERPULATIUN FOR EJID, ELID,
0V 6 131,
1IF(PHI(1) .GT, PHID) GO TU 7
& CONTINUE
7 EIND = EINCI=1) ¢ ((EA1C(1)=L12C)=1))/(PHI(L)=PHI(I=1)))®
1 (PHID=PHI(1=}))
€130 = E13(1=1) ¢ ((E13(1)=tI3(1=1))/CPHI(L)=PHL(T=1)))e
) (PHId=PHL(I=1))
IF (ABS(EPS),LT,1.Et*%) RETUNN
EI1D=EL1L=FPS
IF (L110) ®,8,9
s tI1D=0,
PHINSY Fon
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KETURN
9 VO v 1=,

I¥ (eI3(1).GT,.ELLID) GUTO 11
10 CUNTINUE
11 PHIDSPHI(L=1) ¢ ((PHLI(L1)=PHI(L=2))/(EL1(1)=E1LLi=1)))

1 (EL11L=ELL(LI=1))

RETURN

END

SUBRUUTINE TEGDSL(PHID,CSVD,THBU,F1ID,F13D)

$8884TH]S SUBRUUTINE CALCULATES THE TUKKULFNT JET MIXING INTEGRALS
WHEN PHI=D 1S DEFINFD BY THE ONERA RFCUMPRESSIUN CHITERIA

$S¢VARLABLES?sS

PHIUSDISCRIMINATING STREAMLINE VEL.NCITY KATIU,
CSQUSFKEE=STREAM CRUCCO NUMRLRE SUUARED,

TREUSBASE TO FREL-STRLAM STAGNATIUM TEMPERATURE RATIUL,
FItJsMlXING INTEGRAL §] FUR J STREAMLINE,

EJ10SMIXING INTEGHRAL § FOR D S1RELANLINE,

ELJJIMIXING INTEGRAL 3 FUR J STHEAMLINF,

EIJUBMIXING INTEGURAL 3 FUR U STREAMLINE,

PHI13DUMNY VARLIAHLE FUR THE FUNCTIUN STATEMFNTS,
TRO1SDUMMY VARIABLE PUR THE FUNCTINN STATEMENTS,

AN NNANNNNAONNANANNN

UIMENSION 1RO(350),EI1(350),E13(350)

COmMMUN  /ERFVP/ PH1(350)

TJIMLF (PH1]1,CSGD,TROI)=PHIL/(TRUL=CSONS (PHIL®*2))

TIMIF(PHIL ,CSUL,TROL)S(PHII®TRUL)/(TROI=CSULS(PHL1882))
C$9939THE ERRUR FUNCTIUN VELUCLITY PROFILF, PHI(I), IS INITIALIZED IN

C SHRLOCK DATAS ANV STORED IN LARELED CONMMUN SERFVYPS, PHILI) IS

o GIVEM FOR 121,350 VALUES OF ETA IN THE RANGE UF ETAz=)3,5 TV

C ETA),S IN INCRLMENTS UF DLTAS0,02

COesos INCREMENT SIZE AND INITIAL VALUES AT (ETA RB) ARE SPLCIFIED MERE,
DFTA®0,02

TRU(1)=TKBO
LIt(1)80,0
£I3(1)20,0
Ce808sCALCULATION OF THE MIXING TABLE BY THF TRAPFZUIVAL RULE,
D0 2,131,349
TRU(I*1)2 (IRBQ ¢ (J1.,0=TRAU)PHI(I*]1))
LItClel)® ELECL) ¢ O, SE(TJIMIF(FRILT¢1),CSOU,TRU(L+])) ¢
1 TIRIF(PHI(L),CSQL,TRO(]I)))IPDETA
EI13(1¢1) 3 EL13C1) ¢ O,S(TUMIF(PHI(]141),CSQL,TRU(I+1)) »
1 TJMIF(PHI(1),CSUD,TRUCLI))IODETA
IF (PRI(1e3),CE,PNID) GU TO 3
2 CONTINUE
CO8ssOSPLTERMINE THE LaSTREAMLINE VALULS UF THE TNTLGRALS
C
3 ELIVSELL(1)e((FEII(1el)=ELLLI))/(PHI(Lle1V=PHE(L)))
t (PHLIL=PHI(]1))
E130SEI3(1)e((ELI(L+1)=E13L]))/(FHI(1eL)=eFI(1)))?*
1 (PALL=PH]1(1))
RETURN
[A 1]
FUNCTION SIGMAF (CSUD,TRBU,GAMMA ,MSIGMA)
CossosTNHLS FUNCTION CALCULATES 1HE VaLUF OF THE SIMILARIFY PAHASLTEK,

C SIGMA, FhUM THE CURRFLATIUNS NF KORST and TRIPP UR CHAUNAPRAGADA
(o
C NSIGMAS O0,SIGMA AFTER RURST ANp: TRTIPP
C NSIGHAE 1,SIGWA AP TEN CHANNAPRAGADA
c
B-49
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c
Cesosse CHANNAPKAGADA S40005800083 83000080080 PSESOCESRERSIRUSIOOCEIRSISIOTLS
1 1If (CS0D~#,7) 2,3,)
2 R=0,2S
GHTO 4
) ¥E0,5*(CSUN=0,T7)e0,2S
4 SIGMAP 8 12, 0/(R%(1,0¢4(1,0=CSOD)I/TRRU))

AT

:f?)

S,

e

IF (NSIGMA,NF 0) GUIO 1 oo

Coe9ss KURST AND TRIPP 0050850000000 easostasssssssssssseesesrsessssss N
SIGHAFS 12,042,75482,08C5007((1,U=CS50D) 8 (GAMMA=L,0)) F

RETURN s

.. RETURN
- EMD
- BLUCKR DATA
- COBsSTHE ERRNR FUNCTINN VELOCITY PROFILE, PHICT), IS INITIALIZED N \
. c SLLUCK UATA® AND STUWEDL JN LAWELED CUMMON SERFVPS, PHl(1) 1S
- c GIVEN FOR [21,350 VALUES OF KETA 1IN THF KANGE OF FTaAz~),5 TU
C FTAZ3,5 IN INCREFENTS OF LETAX0,02, .
c
» CUMMUN  /ERFVP/ A1(45),A2(45),A3(45),A4(45),A%(45),A6(45),A7(45),
g ] ABLIY)
- DAFA At
~ ¢ /0,000000 , 0,900000 , 0,000000 , 0,000000 , 0,000000 ,
" s+ 0,000000 , 0,000001 , ©,uU00001 , 0,600001 , 0,000001% ,
» ¢ 0,000001 , 0,uNV00L , 0,000002 , 0,000002 , 0,V00002 ,
Y * 0,000003 , 0,000003 , 0,000004 , 0,000004 , 0,000005 ,
* 0,00000% , 0,uUV00Us , 0,000007 , O0,000008 , 0,000009 ,
v s 0n,000012 , 0,000012 , 0,000014 , 0,000016 , O0,000018 ,
. ¢ 0,000020 , 0,000023 , 0,000026 , 0,000029 , 0,000033 ,
S s 0,000037 , 0,000082 , O0,000n47 , 0,00)053 , 0,000059 ,
- s 0,000067 , 0,000075 , 0,000084 , 0,00009¢ , 0,00010% /
,
. DATA A2
o s s0,000118 , 0,000131 , 0,000147 , 0,000164 , 0,000182 ,
¢ 0,000203 , 0,000226 , ©,000251 , ©0,000279 , 0,000310 ,
¢ 0,000344 , O0,0U0381 , 0,000822 , 0,000467 , 0,000517 ,
¢ 0,000871 , 0,000031 , 0,000696 , O0,UN0767 , 0,0000845 ,
s 0,000931 , 0,00102¢ , O,001326 , 0,001237 , 0,003358 ,
¢ 0,001489 , 0,00j032 , 0,001768 , 0,001956 , 0,002140 ,
s+ 0.,002338 , 0,002%5) , 0,NN2786 , O0,003038 , U,003310 ,
s 0,003604 , 0,003921 , 0,004263 , 0,004633 , 0,005027 ,
s 0,005454 , 0,005912 , 0,006404 , 0,006932 , 0,007490 /
DATA A)
¢ /0,008104 , 0,008753 , 0,00944b6 , O0,010168 ,. 0,010980 ,
s 0,0311825 , 0,01272% , 0,01368% , 0,014706 , 0,015792 ,
s 0,016946 , 0,018172 , U,N19472 , 0,020851 , 0,022311 ,
® 0,023057 , 0,02%491 , 0,027219 , 0,029043 , 0,030987 ,
s 0,032990 , 0,03%133 , 0,037382 , 0,N39747 , 0V,042233 ,
s 0,044043 , 0,007582 , 0,0%0453 , 0,0534060 , 0,050607 , )
¢ 0,059899 , 0,063338 , 0,066930 , 0,070677 , O0,0745%83 , RN
* 0,07865%2 , 0,082887 , 0.007291 , 0,N91868 , 0,090820 , . ‘L
¢ 0,101550 , 0,106661 , 0,11195% , 0,117434 , 0,123101 / [:‘1
DATA A4 2OS
* /0,1209% , 0,135002 , U,141239 , 0.147689 , 0,154292 , . S
¢ 0,161100 , 0,168118 , 0,17%322 , OU,1A2118 , 0©,190305 , o)
* 0,198084 , 0,2000%1 , 0,21470% , 0,222544 , 0,23108% , N
s 0,239765 , 0,288041 , 0,2576bb , 0,26K904 , 0,2762H) , X
¢ 0,205022 , 0,295%14 , 0,305354 , O0,315)38 , v,325457 , :
* 0,335708 , 0,340082 , 0,3%872 , 0.387173 , O0,37787a ,
¢ 0,388673 , 0,399%%7 , U, 410519 , 0,421552 , 0,432047 ,
$ 0,44379% , 0,454908 , 0.,466217 , 0,477472 , 0,49878» ,
s 0,500029 , 0,511311 , P.N22565 , O, 53IN40 , G,H45089 /
UATA AS
® /0,5%026) , 0,567409 , N ,STHSN4 , N,%49%)o , 0O ADOAUN ,
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SREND

0.,6113m2
[N Y X EEY)
0,714220
0.700274
0, MU1954
0,838923
0,871070
0.,89847)
DATA AS
/70,9213064
n,940113
0,955165
0,967009
0,976146
V,983054
0, 980174
0,991494
0,994543
DATA A7
/0,9961392
0,997657
0,998506
n,999064
V,999424
0,9949651
0,99979%
0,999477
0,999927
DATA A8
/70,999957
0,999974
0,999983
0,999988
0,999991
0,999992
0,999993
END

. @ 8 & 508 es - 8 6 06 0 e

@ % % 06008

* 8 6860

- ® @« &« @ @ &« - % @ 9 % e e s @ e« ®» % % s s e =

4 @ % s 9 e

0,622179
0,674%9)
0,72378)
00,7649
O, 8u9731
0,845739
H,87092%
0,903400

0,925432
0,943404
0,957774
0,969037
0,977691)
0,984208
n,98901R
0,992500
0,994969

n,99606ke
0.,99745¢
0,9986134
0,999149
0,999470
0,999685%
0.999812
0,999889
n,99993y

0.999961
0,99997¢
0.,999984
0,999989
0,999991
0,999992
0,999993

. @ " % % e e e ®« % % % a v e e e ® s ® a % @ e =

“« % @ o e v

U R FLLY]
0,6H4717
0,73314)
0,777497
0.¥817317
0,R823401
0, BH288Q(
N 90H15]

0,929337
0,94655%0
11,960289
1,970961%
V,97915%)
0,98%2v)
0,9R9p31N
0,9930065
0,99530%

0,99¢959
0,992039
0,99R 7SR
0,999227
0,999%27
0.999715
0,999831
0,999900
0,999941

0.999985
0.,999978
0.99998%
0,999989
0,999991
0.999992
0,999993

® ® @ % v s o e " ® "% % e a " - e e e s e e

¢« % » % e %

Y RELT
0,69409%
N,7423506
D,TRS4)4
W, H247%2
0, +S4789
0, HRKULA
0,91217126

n,933u8)
0,94955%7
(1,90 2674
N,97278S
n,9R0529
0,90h314
0,990551
0,993593
0,99573)3

N, 997210
0,998209
0,99AH69
0.,999299
0,999%72
0,999743
0,999448
0,9999310v
0,999947

0,999908
0,999940
0,999986
0,999990
n0,999992
0,999992
0,999993
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H,ARS3v1
0H,704534
n,75)180)
0,T7939RN
O,HILILY
0,865020
0,%933n])
0.,917130

0,93006174
0,992427
0,964873
0,976511
N, 941829
9.387214
n,991245
0,9940KS
V996075

0,997442
0,99830)
0,99497%
0,999304
0,999613
0,999764
0,99960)
0,999919
0,999952

0,99997}
1,999982
0.,9999R7
0,999990
0,999992
0.999993
0,99999)
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